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LIMITED WARRANTY

COVERING INDUSTRIAL CHARGERS AND POWER SUPPLIES

MANUFACTURED BY MARATHON POWERS TECHNOLOGIES

Marathon Power Technologies warrants the Charger/Analyzer to the extent of the parts
necessary to correct any defect in workmanship or materials which may develop under proper
and normal use for a period of one (1) year from date of receipt of the equipment by the
customer, but not to exceed eighteen (18) months from the date of shipment from Marathon.

This warranty also includes any labor necessary to effect such repair, if the Charger/Analyzer is
returned to Marathon Power Technologies in Waco, Texas, USA, properly packaged and insured.

The above shall constitute fulfillment of all Marathon liabilities in respect to said
equipment, and Marathon shall not be liable for any consequential damages nor for any damage
in shipment. The Charger/Analyzer or faulty part must be returned to Marathon. The cost of any
transportation and insurance is not included with this warranty.

The specifications contained in this manual are subject to change without notice. The
contents are believed to be accurate, but no warranty is expressed or implied as to the suitability
for specific applications. If errors are found, please notify Marathon Power Technologies at the
address shown below.

MARATHON POWER TECHNOLOGIES CO.
P.O. Box 8233
8301 Imperial Drive
Waco, TX. 76714-8233

Phone: (254) 776-0650
Fax: (254) 776-6558




{The following applies to the Cell Reading described on page 3-6, Item 13)

Cell Reading # 1:

Cell Reading # 2:

Use this position only after flashing green bars appear
during charging. The reading on the digital meter then
stands for relative ampere-hours.

Use this position only before flashing green bars appear
during charging (e.g., to detect low electrolyte or

shorted cell at beginning of charge), and during discharge.
The reading on the digital meter in this position is cell
voltage. (Note: The voltage fluctuates due to the ReFLEX
positive and negative pulses.)
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SECTION 1

GENERAL DESCRIPTION

PURPOSE OF CHARGER/ANALYZER

The Model RF80H Automatic ReFLEX Charger/Analyzer is the most efficient
and sophisticated instrument available for rapid, automatic charging and
analyzing of nickel-cadmium (ni-cad) batteries. Designed for 11, 19, 20
and 22-cell, sintered vented-type ni-cads, the charger/analyzer uses the
patented ReFLEX charging principle to give rated or better-than-rated
battery capacity in 1 hour. The charger/analyzer is shown in Figure 1-1.

WARNING - NEVER USE THE RF80H TO CHARGE SEALED (e.g.: cylindrical, non-
vented, ''flashlight-type') NI-CAD CELLS. THERE IS A DEFINITE EXPLOSION

HAZARD IN THE CASE OF A FAULTY CELL WHEN CHARGING AT HIGH CURRENTS WITH-
OUT PROPER PROTECTIVE MEANS.

For battery condition analysis, a discharge test technique is used that
accurately tests the fully charged ni-cad for rated capacity. This function
gives the most practical comprehensive test of ni-cad capacity possible,
consistent with the essentially constant specific gravity of the ni-cad
electrolyte. The entire cycle, consisting of three stages, is automatic.

RATINGS AND SALIENT CHARACTERISTICS.

Useful information about ratings and salient characteristics of the charger/
analyzer are tabulated in Table 1-1.

CHARGER/ANALYZER FUNCTIONS.

REFLEX CHARGING. The patented ReFLEX charging principle is unique in
that it allows most vented-type aircraft ni-cad batteries to be fully
recharged in 1 hour from an unknown state-of-charge. Using the ReFLEX
charging method often will result in higher-than-rated capacity in the
battery. The ReFLEX charging method provides a further benefit by the
interjection of depolarization pulses during charging. This reduces
battery heating during charging and results in greatly improved charging
efficiency over conventional methods.

BATTERY ANALYZING. The battery analyzing function allows complete battery
analysis automatically with a pre-programmed cycle, and the evaluation of
battery condition both by GO/NO-GO indicator lights and by actual ampere-

hour capacity readout., The charge-discharge-recharge cycle is preprogrammed
to match each specific battery type and takes approximately 3 hours with

most batteries. Charging is by the ReFLEX method and discharging is by
regulated constant current. The GO/NO-GO point, which is also pre-programmed,
can be set to any percentage of rated battery capacity. (Also see 1-37).

CELL SCANNING. This capability allows manual measurement of individual

battery cell voltages at any time using the charger/analyzer digital panel
meter (DPM) and supplied probes. (Also see 1-37.)

1-1 TD-A6
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Figure 1~1.

The Model RF80H ReFLEX Charger/Analyzer
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Table 1-1. Ratings and Characteristics

RATINGS

INPUT POWER:

208/230V a-c, single-phase, 50/60 Hz, 23 amperes. {115V a-c,
26 amperes limited operation capability: only on certain models)

CHARGE CURRENT QUTPUT IN REFLEX MODE:
Adjustable, 5 to 80 amperes.

CHARGE CURRENT OUTPUT IN CONSTANT CURRENT MODE:
Adjustable, 2.5 to 65 amperes.

DISCHARGE CONSTANT CURRENT:
Adjustable, 5 to 50 amperes.

NOMIiNAL DISCHARGED BATTERY VOLTAGE:

Preset, 0.95 volt per cell, average (i.e., approximately 18 volts
for 19 cell battery).

BATTERY CELL RANGE:
11, 19, 20, and 22 cells in series.

BATTERY AMPERE-HOURS (A-H) RANGE:
6 to 55 (except for 11 cell batteries which are 40 to 55 A-H).

CHARACTERIST!CS

DIMENSIONS (Inches):
17-5/8 wide by 19-3/4 deep by 11-3/4 high.

NET WEIGHT:
150 pounds

CABLES PROVIDED:

One input power cable without plug. Two battery connection cables;

one with Elcon-type connector; and one yellow-band cable with lugs
for smaller batteries.

CHARGE TIME:

! hour for most batteries up to 40 A-H; 1 hour 10 minutes or less
between 40 to 55 A-H. Some ni-cads require additional time.

DISCHARGE TIME:
1 hour for most batteries. Some ni-cads or battery shop procedures

require 2 hours. A few additional minutes of discharge will occur
if battery has more than rated "'GO" capacity on long cycle.

CHARGE-D1SCHARGE-RECHARGE CYCLE TIME:
3 hours for most batteries. Some ni-cads or battery shop procedures
may require up to 5.5 hours. A few additional minutes of discharge
will occur if battery has more than rated "GO capacity on long cycle.

1-3 ' TD-Ab
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1-10. DEEP DISCHARGING. This feature allows deep discharge cell equalizing which
discharges each cell to zero volts for cell reconditioning.

1-11. CONSTANT CURRENT CHARGING. This capability allows electrolyte level
adjustment during constant current charging as required by some battery
manufacturers. Constant current can also be used for slow charging of

individual cells, and for cell balance and cell fatigue tests described
below.

1-12. CELL VOLTAGE BALANCE TESTING. The charger/analyzer constant current

charge mode allows performance of cell balance tests recommended by some
battery manufacturers.

1-13. CELL FATIGUE TESTING. The charger/analyzer constant current charge mode

allows performance of cell fatigue (cellophane barrier) tests recommended
by some battery manufacturers.

1-14. PHYSICAL DESCRIPTION

1-15. The charger/analyzer is enclosed in a steel cabinet, fitted with mounting
feet and two carrying handles. Figure 1-2 and 1-3 illustrate prominent
features and components of the unit. The cabinet is finished with a blue
coating resistant to the electrolyte of ni-cad batteries. Forced-air cooling
is achieved by a fan at the rear of the unit which draws cooling air through
openings on the left and underside of the cabinet. The top must always be
closed during operation as the cabinet is designed with specific air flow
patterns to assure proper cooling of all critical components. The heated
air is exhausted by the cooling fan out the right rear of the cabinet. The
unit is supplied with a red and black probe set for cell scanning, an input
power cable, a twin-lead battery cable with Elcon~type connector, and an
alternate yellow-band cable with lug-type connectors.

1-16. CONTROL PANEL ARRANGEMENT. The control panel is arranged into three functional
divisions. The first, at the left section of the unit, contains all the
controls and indicators for charging. The center portion of the panel
contains the controls and indicators for discharge analysis and the right
section of the panel contains a digital voltage and current readout meter
(DPM), an LED Bar Display that shows approximate state-of-charge of tha
battery and cycle mode of the RF80H, connection for cell scanning probes,
and setup controis for battery rating and type. A single connector on the
right side of the cabinet provides connection for both types of battery
cables. An electrical interlock prevents the use of the wrong cable.

1-17. INTERIOR COMPONENTS. As may be seen in the interior view of Figure 1-3,
the major components of the unit consist of the primary power transformer T1,
the filter reactor L1, the terminal board TBl which mounts the high current
a-c and d-c fuses Fl & F2, three control circuit cards Al, A3, and AL, and
various control relays. The high current rectifying diodes are heatsink-
mounted at the rear of the unit and the discharge resistors, diode assemblies,
and filter capacitor are mounted inside protective covers on the outside rear
of the cabinet. The input power cable is provided at the rear of the unit.

TD-Ab t-b
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CHARGING BLOWN ANALYZER
CONTROL FUSE CONTROL
SECTION INDICATOR SECTION DIGITAL
PANEL
METER
CARRYING
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CONVERSION
DIAL LED BAR
DISPLAY
COOLING Alﬂ/ﬁ}’l SCANNING
INLETS R FROBE
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Figure 1-2.

Location of External Components
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THESE DRAWINGS AND SPECIFICATIONS SHALL NOT BE REPRODUCED OR COPIED,
OR USED AS THE BASIS FOR THE MANUFACTURE, PROCUREMENT, OR SALE OF
APPARATUS WITHOUT PERMISSION FROM THE MANUFACTURER.
ANALYZE
FILTER DISCHARGE
DIODE ASSEMBLY REACTOR HEAT RESISTORS
(BEHIND COVER) L1 SINKS (BEHIND COVER)
COOLING FAN
CIRCUIT
CARD A3
CIRCUIT D-C POWER
CARD A1 FUSE F2
MAIN
TRANSFORMER
RELAY K5 i
RELAY K4
RELAY K1——]
/ A-C POWER
RELAY K8 : FUSE F1
TRANSFORMER
TERMINAL
BOARD TB1
RELAY K6 CHARGE DISCHARGE  CIRCUIT  NEGATIVE PULSE
TIMER TIMER CARD A4  RESISTOR Ri4

Figure 1-3. Location of Major Internal Components
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THE N-CAD BATTERY,

The ni~cad battery is particularly well suited for many uses as it provides
high power in a small package. Other advantages of the ni-cad are: a con-
stant voltage during 90 percent of its discharge; it performs well at low
temperature; it can be relatively quickly charged; and it can usually be
recharged wel!l over a thousand times.

The electrolyte in the ni-cad battery is a solution of potassium hydrox-

ide (KOH) and distilled water, a chemical opposite, in many ways, to the
dilute sulphuric acid of the familiar lead-acid battery. For example,

ni-cad batteries should never be touched by or exposed to battery acid;

a possibility that might come about through the use of hydrometers, syringes,
or thermometers contaminated by lead-acid batteries. Furthermore, the
electrolyte in the ni-cad does not chemically react with the plates as does
the sulphuric acid of the lead battery. Consequently, the ni-cad plates

do not deteriorate nor does the specific gravity of the electrolyte change.

Ni-cad batteries also have certain disadvantages. The so-called "memory
effect', for example, is a ni-cad defect through which a battery might

lose a small porticn of its capacity each time it is charged or even when
it is '""idling" in a charged condition. This hidden fading effect can cause
the battery user to believe that the battery is charged to full capacity
when, in fact, it will be unable to produce the required current

The fact that the electrolyte does not chemically react with the plates
contributes to longer life of ni-cads. However, it constitutes a minor
disadvantage as far as measuring the state-of-charge. Since the specific
gravity of a ni-cad does not change during charge or discharge, it is not
possible to determine that state-of-charge of a ni-cad battery by checking
the electrolyte with a hydrometer. WNeither is a voltage test too effective,

since in ni-cads the voltage remains constant during 90 percent of the
discharge cycle.

THE REFLEX CHARGING PRINCIPLE.

THE BURP. The ReFLEX charging principle should not be confused with con-
ventional pulse chargers and is even further removed from constant potential

and constant current (current 1imited) chargers. The "burp" in ReFLEX is

what makes it all possible. |t is what gives ReFLEX charging its name. The
ReFLEX principle consists of an alternating series of high-power charge thrusts,
each instantly followed by a unique, low-power discharge, or negative ''burp'l.
The duration of each discharge pulse automatically increases during the charging
cycle, as it always lasts until sufficient battery depolarization has taken
place before another large charge thrust is initiated. ReFLEX charging is

not unlike a baby being alternately fed and burped at ultra-high speed.

It is this burping effect that '"cures' polarization voltage losses generated

by all other charging methods. This processshould not be confused with "pulse"
charging which is an on-time off-time pattern during the charge period.

As shown in Figure 1-4, the ReFLEX principle minimizes the memory effect.

It also drastically reduces the charging time without causing undesirable
battery heating (which occurs if the time is shortened with conventional

1-7 TD-Ab
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LOSS OF CAPACITY DUE TO MEMORY EFFECTS

RATED BATTERY
CAPACITY (100%]}

CONVENTIONAL

0 5 10 15 20 25 30 35 40
CHARGE/DISCHARGE CYCLES

ENERGY LOSS TO HEATING AND GASSING (PERCENT)

CONST. POTENTIAL (CURR. LIMITED

Figure 1-4. The Advantages of ReFLEX Charging
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methods), because ReFLEX has a 85 to 95 percent charging efficiency
compared to 70 percent for conventional chargers. Energy loss due to heating
and gassing is greatly reduced.

This ReFLEX action (big charge/little burp) depolarizes the battery plates.
and suppresses the electrolysis reaction to allow safe, high-speed charging
up to i30 percent or more of capacity with minimum heating or gassing.
Analysis has revealed that a 1 hour charge is the ideal rate for most vented
aircraft type ni-cad batteries.

REFLEX IN ACTION. The ReFLEX principle is more sophisticated than a simple
burp. The RefLEX charge-thrusts are set to twice the ampere~hour battery
capacity in amperes (2C) for high rate batteries. After each charge-thrust,
a low-power, discharge-thrust is automatically applied until an accurate
interrogator shows that depolarization has taken place. At that point,
another charge-thrust occurs and the cycle is repeated. As the battery
nears full capacity, the negative thrusts become longer, eventually reaching
4 point where the net charge (charge minus discharge becomes small,

An extra benefit of ReFLEXing is the approximate battery state-of-charge
indication provided by the motion of the LED Bar Display. As the discharge
thrusts become sufficiently long and the battery nears a full state-of-charge,
the green pulses will extend further toward the right. At full charge, the
green pulses may extend completely to the right. This provides a very

helpful indication of battery state-of-charge, The RefFLEX operator can use
this information to reduce the battery charging time even more.

HOW THE CHARGER ANALYZER WORKS.

The charger/analyzer functionally consists of control circuits, charging
circuits, and discharging circuits. Actually, some of the circuits are
used for both charging and discharging. However, to simplify the functional
description, they will be described separately,

THE CHARGING CIRCUITS. Figure 1-5 is a block diagram of the basic ReFLEX
charging circuits and Figure t-6 illustrates how the circuits work during the
positive and negative current pulses of the ReFLEX cycle. The basic a-c
power is applied through the AC and START switches to an isolation/stepdown
transformer. The basic output of this transformer is applied to Silicon
Controlled Rectifiers {SCR's}. Other transformer outputs are used by the
control and other circuits. The SCR's provide amplification and rectification
The d-c output from the SCR's is further filtered by a reactor and capacitor
to reduce ripple. The ocutput of the filter stage Is passed through a
current-sensing shunt to the battery being charged. A voltage sensing
circuit is connected across the output. A multi-tapped resistor is also
connected across the output. This is the negative pulse '"burping' element
used to discharge (depolarize) the battery during ReFLEX charging.

1-9 TD-A6
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CURRENT FLOW DURING POSITIVE PULSES\

PRIMARY CURRENT FLOW =
+ -0 +
iy CURHENTW NEGATIVE BATTERY
S AN v Bine | UNoER
RESISTOR
- o -
CURRENT FLOW DURING NEGATIVE PULSES :'""s l!'"'E i

ZERO CURRENT
+ |=——FLOW FROM AMPLIFIER O+
NEGATIVE ‘
SCR AMPLIFIER AND CURRENT BATTERY
FILTER CIRCUITS FLOW UNDER
FROM CHARGE
BATTERY

Figure 1-6. Circuit Function During ReFLEX Charging
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1-31.

T-32.

1-33.

Both the positive and negative charging pulses are controlled during
operation. Basic control is provided by a current amplitude regulator
circuit that senses output current to control the SCR amplifier. The
amplitude of the positive pulse is set by the CHE CURRENT ADJUST control
to match the requirements of the battery being charged. The duration and
frequency of the positive pulse are controlled by a positive current pulse
control circuit. The duration of the negative pulse is controlled by a
negative pulse control circuit that senses the battery voltage during the
negative pulse to provide a negative pulse duration command.

As shown in Figure 1-6, during the positive pulse portion of the charging
cycle, current at the regulated level is applied to the battery and a small
amount of current is also passed through the "burping' resistor. During the
negative pulse portion of the charging cycle, however, the output of the

SCR amplifier is shut off for the duration of the negative pulse and
depolarizing current from the battery flows back through the "burping"
resistor to discharge the battery. The discharge energy during the ''burp"
is determined by the duration of the negative pulse and the resistance of
the 'burping' resistor which takes into consideration the ampere-hour rating
of the battery. As the battery becomes more fully charged, the duration

of the negative pulse and the frequency, level, and duration of the positive
pulse are automatically controlled to provide optimum ReFLEX charging.

When the charging cycle reaches the time set into the HOURS CHARGE timer,
the unit automatically switches to the analysis or discharge mode.

THE ANALYSIS AND DISCHARGE CIRCUITS. Operation of the analysis and dis-
charge circuits is based upon a constant current discharge of the battery
from full charge to complete discharge to evaluate the ampere-hour capacity
of the battery. Figure 1-7 illustrates the discharge circuit. The constant
discharge current is set by the DISCH CURRENT ADJUST control. Actual discharge
of the battery is through a large, multi-section power resistor with the
rate of discharge controlled by the SCR amplifier. As shown in Figure 1-7,
the current through the discharge resistor (R) is made up of the filtered
SCR ampiifier d-c output (I,) and the battery discharge current (1.). This
total current multiplied by the resistance (R) must at all times equal the
battery voltage. Therefore, the selected battery discharge current (1_ ), as
sensed at the current shunt, can be held constant by automatically varying
the SCR amplifier output (]A) as the battery voltage (E) changes during
discharge. Since (1, + I,)'R = E, the battery discharge current is I =

E/R - 1,. For example, i? battery voltage (E} equals 22 volts and R equals
1 ohm, Bor the battery discharge current (I_.} to be 10 amperes the SCR
amplifier output (I,) must be 12 amperes. Bhen, for example the battery
discharges to a voltage of 19 volts, the SCR amplifier output must become

9 amperes to maintain the 10 ampere discharge rate of the bhattery.

I'n LONG CYCLE, analysis of the battery ampere-hour capacity is accomplished
by discharging a fully charged battery at a constant rate until the battery
voltage reaches a value equal to 0.95 volt average per cell. At this voltage
the battery is considered to be discharged. The position of the CELLS IN
SERTES switch assists in establishing this discharge voltage value.
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60 AMP
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Figure 1-7.

Analysis/Discharge Functional Block Diagram
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1-35.

1-36.

1-37.

When the battery reaches this discharge point, the analyzer circuits decide
to either accept or reject the battery based on ampere-hour capacity. |f
"'GO" capacity has not been attained (the HOURS DISCHARGE pointer is to the
left of the white panel arrow), the battery will be rejected. In this case,
the red BATTERY REJECT indicator will light and the battery will continue

to discharge at approximately the 10 hour rate (C/10) for a time equal to the
setting of the HOURS CHARGE timer black pointer. If the ''GO" capacity has
been attained (SHORT CYCLE) or exceeded (LONG CYCLE), the HOURS DISCHARGE
pointer has moved past the white panel arrow and the control circuitry
automatically switches the charger/analyzer to the final recharge mode,

FINAL RECHARGE MODE. This mode uses the same circuits as the initial charge
cycle. The only difference is that the control circuitry automatically
resets the HOURS CHARGE timer to the programmed period and when the battery
has been charged for this period at the programmed charge rate, the green

CYCLE COMPLETE indicator lights and the charger/analyzer automatically shuts
off.

DigiFLEX

{a) The RFBOHM ReFLEX Charger/Analyzer contains DigiFLEX, a
revolutionary new concept in aircraft ni-cad battery servicing.
Detailed explanations of DiqiFLEX and ReFLEX are provided in two
publications located inside the back cover (See ''DigiFLEX Battery
Analysis' and 'THE ReFLEX Charger/Analyzer with DigiFLEX Pre-
Analyzer'). Read them after finishing this section.

(b) DigiFLEX may be a difficult concept to understand, but has
proven to be beneficial in the battery shop whether or not you
understand the theory.

(c) DigiFLEX provides not only a visual digital display of battery
state of charge, but might also pinpoint low capacity cells and/or
questiconable batteries.,.all during the % to 1 hour ReFLEX charge.
At times, the operator may therefore choose to dispense with the
capacity discharge test (and subsequent recharge) altogether.

(d) Besides obtaining digital readouts, the DigiFLEX user may:

e cContinue with the RFSOH charge-discharge-recharge routine to
analyze the battery and cells, but double check the relative

battery and cell capacity during ReFLEX charge with DigiFLEX;
or

¢ dispense with the discharge altogether, using the relative
battery and cell capacity indications during ReFLEX charge -
thereby cutting the entire charge and analysis time to a
total of & to | hour for most batteries.

(e) DigiFLEX provides the operator with the opportunity to service
ni-cads even better and faster than with ReFLEX alone. To date,
DigiFLEX is an optional procedure which has not yet been fully
documented. However, since its introduction, battery shop
operators around the world who have RF80H units have commented
approvingly on the benefits of DigiFLEX.
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Section 2
SECTION 2

INSTALLATION

UNPACKING AND INSPECTION,

The charger/analyzer has been thoroughly inspected and tested prior to
shipment, and packed in a sturdy container that is designed to protect the
unit from damage during all normal conditions of shipment. After opening

the shipping container, carefully examine the exterior of the unit for damage,
paying special attention to damage indications such as dents in the cabinet,
broken meter coverings, and looseness or damage of pane! controls. {n the
event of damage, notify the transportation company at once for inspection and
proper handling of claims. Check the items listed on the packing slip to
make sure that the battery cables, electrical probes, and all other items
normally supplied are present.

INSTALLATION,

The charger/analyzer, like all high quality equipment, must be properly
installed if it is to provide the many years of trouble-free operation for
which it was designed. The following paragraphs provide important instal-
lation instructions which should be carefully followed to ensure proper
operation of the unit.

PLACEMENT. Proper placement is essential for proper operation as well as for
ease of use. Cooling is an important consideration. For proper cooling, the
charger is designed with two air intakes; one on the left side and one on

the bottom {underside) of the cabinet. A blower at the rear of the cabinet
draws air through the interior of the cabinet, and exhausts heated air out
the rear of the cabinet. To ensure proper cooling, make sure that the

conditions illustrated and outlined in Figure 2-1 are carefully observed
during installation.

CAUTION

NEVER OPERATE THE CHARGER/ANALYZER WITH THE CABINET

COVER OPEN OR REMOVED IN AN ATTEMPT TO IMPROVE COOLING.
THE CHARGER [S DESIGNED FOR PROPER COOLING ONLY WITH

THE CABINET COVER INSTALLED. REMOVAL OF THE COVER DURING

USE WILL RESULT IN OVERHEATING AND POSSIBLE DAMAGE TO THE
CHARGER.,

POWER CONNECTION. The charger/analyzer is designed to use either 208 or

230V a-c * 10%, single phase, 50 or 60 Hz power (see 2-10 for 115V a-c
operation). The input power cord is provided without a connector so that

the user can either provide a connector compatible with his facility outlet

or wire directly into a circuit breaker. Conversion for 50 or 60 Hz operation,
which requires no electrical changes, is covered In paragraph 2-7. Figure

2-2 illustrates electrical connection criteria. When connecting the charger
mare sure that the following steps are carefully observed:
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2-7.

2-8.
2-9.

2-10.

WARN ING

ALWAYS DISCONNECT THE POWER CONNECTOR OR SHUT OFF THE
CIRCUIT BREAKER AHEAD OF THE CHARGER (FOR WIRED-IN TYPE
CONNECTION) BEFORE OPENING THE CHARGER CABINET TOP.

EXPOSED VOLTAGES DANGEROUS TO HUMAN LIFE ARE PRESENT

IN THE CHARGER CIRCUITRY WHENEVER POWER 1S APPLIED TO POWER
CORD REGARDLESS OF CHARGER ANALYZER AC POWER POSITION.

a. Check that the current capacity of the voltage source to be used
corresponds to the current rating on the nameplate marking (23 amperes

nominal) and is equipped with a suitable circuit breaker. Refer to
Figure 2-2 for connection instructions.

b. Measure the voltage of the voltage source to be used, at the outlet
or circuit breaker, as applicable. The unit normally is set up at
the factory for 230V a-c operation. |f the source voltage is always
between 215 and 250V a-c no internal wiring connection changes are
required. |f source voltage is always between 190 and 215V a-c,
conversion is required. Refer to Figure 2-2 for conversjon

instructions. (If unit had been operated at 115V a-c¢, reconnect
W172 to TB1-72.)

c. See 2-10 for 115V a-c operation.
WARN NG

THE CHARGER CABINET MUST ALWAYS BE GROUNDED TO A
SOLID, EXTERNAL GROUND TO ENSURE MAXIMUM OPERATOR
SAFETY. USE 10 AWG WIRE.

CONVERSION FOR 50 OR 60 HZ POWER. The only conversion required for 50 Hz
operation is in the HOURS CHARGE and HOURS DISCHARGE timer dials on the
front panel. No electrical changes are required. The charger/analyzer is
set at the factory for 60 Hz operation unless specifically ordered for 50
Hz. Figure 2-3 illustrates how to make the conversion.

PREPARATION FOR RESHIPMENT OR STORAGE.

Use standard procedures for preparing the charger/analyzer for reshipment

Or storage to ensure adequate protection of the unit. No special pro-
cedures are required.

OPERATION WITH 115V AC, 3 KW, POWER SOURCE

For charging 19 cell batteries with a 40 ampere max imum charging rate
and 25 ampere minimum discharge rate.

a. 0On TBI place one link between terminals TBI-15 and TB1-16, and
the second link between TBI1-17 and TB!-18. Tighten link nuts.
Place WI72 on terminal TB1-71.

b. Use the yellow band battery cable (step 4 of Table 3-3) and
Battery Ratings #5 or 6 only (step 2 of Table 3-3). Otherwise
follow the procedures of Figure 3-1.
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HOT AIR COMES

ALLOW PLENTY OF SPACE AROUND OUT HERE. KEEP
THE UNIT.AT LEAST 6 INCHES AT THE IT AWAY FRCM
REAR AND LEFT AND 12 INCHES AT UNIT AND BATTERY.

RIGHT SIDE /
DON'T PLACE UNIT
ABOVE HEAT PRODUCING
SOURCES.

( BATTERY
/

KEEP COOLING AIR INLETS CLEAR.

DONT LET HEATED AIR FROM ELSEWHERE
GET BLOWN OR DEFLECTED INTO UNIT,
CON'T LET PAPER OR SIMILAR MATERIALS
GET SUCKED UP AGAINST THE INLETS TO
BLOCK FLOW. NEVER OPEN OR REMOVE
CABINET COVER IN AN ATTEMPT TO
IMPROVE COOLING AS UNIT WILL OVERHEAT,

POSITION THE BATTERY BESIDE OR
PREFERABLY BELOW RIGHT FRONT

OF UNIT. LOCATE WITHIN EASY REACH
OF PROBES. DON'T LET BATTERY HEAT
GET DRAWN BACK INTO UNIT.

MAKE IT STRONG.

THE UNIT WEIGHS ABOUT

150 POUNDS, S0 MAKE SURE
THE SUPPORTING SURFACE WILL
SUPPORT THAT WEIGHT, PLUS
BATTERIES.

Figure 2-1. Placement Instructions
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LINK LOCATIONS

O

18

POWER CABLE CONNECTIONS

20

©
©

FUSE
Fi

-

19
16

© © © ©

O

TERMINAL
BOARD TB1

15

(TB11S LOCATED UNDER TOP COVER)

A Of the three links joining studs on
T8-1, the single link joining 16-19
is permanent. DO NOT REMOVE.

B. The other two links are moveable,
Their locations permit three possible
input voltages:

1. M the AC input voitage is always
between 215 and 250 voits, place
and tighten both links between
16 — 17.

2. if the AC input voitage is always
between 190 and 215 volts, place
and tighten both links between
19 —20.

3. 115 volt operation. (See paragraph
2 — 10).

]

WHITE GREEN BLACK
(POWER) (GROUND) (POWER)
TB1-L2 T81-11

AC POWER CABLE 3-CONDUCTOR 12 GAUGE

Figure 2-2. Electrical Connection
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STEP 1

REMOVE 50Hz DIAL
FROM MOUNTING

STEP 2

LOOSEN SETSCREW RETAINING
POINTER AND REMOVE PQOINTER.

STEP 3 LOOSEN DIAL LOCKING KNOB.
W REMOVE DIAL RETAINING NUT
STEP 4 EE.’}"‘%FNTGV%%SEELEATSE_ AND SPACER. SLIDE FINGER-
REINSTALL 60Hz DISCHARGE TURN PLATE OVER AND 'SIA'L OR SCREWDRIVER BEH'ND
TIMER DIAL, REMOVED IN REINSTALL WITH 50Hz D|ﬁ|[TF%SE4MSOT\é% 1'“3;&'-6 g"’E’_*Z
STEP 2, FOR FUTURE USE SIDE FACING OUTWARD. TAINING NUT AND SPAGER,
WARNING: CHECK THAT TIMER
INDEX KNOB IS IN THE PANEL
INDEX HOLE BEFORE
TIGHTENING NUT.
REINSTALL POINTER AND
TIGHTEN POINTER SETSCREW.
NOTE:

THE CHARGER/ANALYZER IS NORMALLY SET FOR 60Hz OPERATION AT THE FAGTORY
UNLESS SPECIFICALLY ORDERED FOR 50 Hz. CHECK INSTALLED DIALS BEFORE
MAKING CONVERSION,

Figure 2-3. Conversion for 50 Hz Operation
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Section 3

SECTION 3

OPERATION

GENERAL,

The charger/analyzer allows simple, yet sophisticated, automatic rapid

charging and analysis of ni-cad batteries. In addition to standard charging
and analysis, many additional optional procedures, as recommended by some ni-
cad manufacturers, can also be performed. Within this section are instructijons
for battery inspection prior to charging, standard charging and analysis
procedures, and instructions for the various optional procedures.

BATTERY [NSPECTION.

Carefully inspect the battery visually and electrically before starting to
charge it. Always closely follow the battery manufacturer's recommended
procedures for both inspection and any necessary corrections.

VISUAL INSPECTION. Examine the battery case and cover for damage and make
sure that all hardware is present and secure. Remove the cover and inspect
the cells for damage, deterioration, missing or broken vent caps, and similar
problems. Verify that the cells are properly interconnected with positive

(+) terminals connected to negative (~) terminals and interconnecting 1inks
properly installed and tightened. Check Insulation, the electrical receptacle,

and its connections for damage. Verify that the cells are all of the same
type and manufacturer. ‘

ELECTRICAL INSPECTION. Inspect the battery for cell-to-case current leakage.
A simple method for this electrical leakage check is as follows:

a. Use an inexpensive 500 milliampere meter and a fuse for the
leakage checks.

b. Carefully touch each positive and negative terminal only momentarily
to avoid damage to the test meter in the event of excessive leakage.
Measure current leakage between the battery case and the positive

terminal, and the battery case and the negative terminal of each cell
in the battery. '

c. The individual cell-to-case leakage should be less than 1 milliampere
per ampere-hour of battery rating. For example, the maximum single

cell leakage current should be 34 milliamperes for a 34 ampere-hour
battery.

STANDARD SETUP AND OPERATION.

Before starting operation, make sure that the charger/analyzer has been
properly installed as described in Section 2, and that adegquate cooling has
been provided for both the charger/analyzer and the battery. Become fully
familiar with the use of the operating controls which, for convenience, are
illustrated and completely described by Figure 3-2.
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WARN NG

NEVER OPEN OR REMOVE THE CABINET TOP WITH POWER
APPLIED TO THE POWER CORD, HIGH VOLTAGES DANGER-
QUS TO LIFE ARE PRESENT IN EXPOSED CIRCUITS EVEN
WITH THE CHARGER/ANALYZER AC SWITCH IN OFF POSITION.
ALSO, DAMAGE TO THE CHARGER/ANALYZER FROM OVER-
HEATING CAN RESULT FROM OPERATION WITH THE COVER
OPEN OR REMOVED, AS A CLOSED CABINET IS ESSENTIAL
FOR PROPER COOLING AIR FLOW THROUGH THE UNIT.

3-9. PRELIMINARY SETUP. Perform the following preliminary setup procedures:
a. Set the AC switch to OFF.
b. Verify that facility power has been turned on.

¢. Plug the leads of the red (+) and black (-) probes into the corresponding
red and black terminals next to the panel voltmeter.

d. Check that the sharp, pointed end of each probe tip extends from
the probe. |If the tip is blunt, loosen the tip retaining nut, withdraw
the tip, and reinstal! with the pointed end out. Tighten the retaining
nut securely to ensure good electrical contact.

e. Position the battery for charging and check that cables for connectijon
to the battery are available for use.

NOTE

PT IS BEST TO ESTABLISH A STANDARD LOCATION FOR
THE BATTERY TO BE CHARGED. THIS LOCATION SHOULD

BE CONVENIENT TO THE BATTERY INTERCONNECTING CABLE,
PANEL-CONNECTED CELL VOLTAGE PROBES, AND TO
FACILITIES FOR COOLING THE BATTERY, IF DESIRED.

f. Remove the battery cover.

WARN ING

THE CHARGER MUST BE OFF WHILE IT IS BEING
CONNECTED TO THE BATTERY.

q. To monitor electrolyte temperature, insert a clean alcohol-type
thermometer into a cell physically located in the center of the
battery.

WARNING

THE CHARGER MUST BE OFF WHILE IT IS BEING
DISCONNECTED FROM THE BATTERY.
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19
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Figure 3-2.

Controls and Indicators (Sheet 1 of 6)
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Figure 3-2
Index No.

Nomenclature

Function

1

START Switch
(momentary)

When momentarily operated, supplies
power to control circuits and starts
operation of unit. The BLOWN FUSE
INDICATOR (5) will light as this switch
Is held down. This verifies that

power is present to the unit and that
the blown fuse indicator light is

good. The switch may be operated at

any time during operation to check
the fuse.

AC Switch

Applies primary power to all circuits
in the ON position. The OFF position
removes power from the unit; however,
certain internal circuits will still
be at line voltage. Therefore, always
remove power from the power cord be-
fore opening the cabinet.

HRS CHARGE
White Pointer
(center knob)

Indicates remaining charging time. The
white pointer automatically moves
counterclockwise from the black pointer
position to zero, with the time indicated
in 0.1 hour increments by the dial
plate on the panel. This pointer auto-
matically resets. to the black pointer
position when commanded in the auto-
matic c¢ycle and also whenever the CYCLE
RESET switch (16) I1s operated.

Rotation counterclockwise to the 0
position automatically places the unit
in the discharge mode if the ANALYZER
switch (6} is set to ON and the CHG
MODE switch (22) is set to ReFLEX.

HRS CHARGE
Black Pointer

Sets the total charge time. A range of
zero to 3.0 hours (3.6 hours for 50 Hz
operation} is provided with increments
of 0.1 hour marked on panel dial plate.

BLOWN FUSE
INDICATOR
(Indicator
and fuse-
holder)

Lights if abnormal conditions cause
panel-mounted 5 ampere fuse F4 to open.
If lighted, no ReFLEX charging action
takes place even though panel meters
indicate charging. Also lights when

Figure 3-2.

Controls and Indicators (Sheet 2 of &)
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{ Figure 3-2
index No.

Nomenclature

Function

START switch (1) is operated to verify
power to unit and that indicator is good.
Fuse F4 is replaced by setting AC switch
(2) to OFF and unscrewing cover to
indicator. The fuse may then be grasped
with two fingers and withdrawn. Fuse F4
is installed by aligning the two fuse
prongs with the holder holes and pushing
into place.

ANALYZER
Switch

Controls the analyzer (discharge) functions.
The OFF position makes the automatic and
manual discharge functions inoperative.

The ON position enables all analyzer
functions.

GO/NO-GO
Dial

Moveable dial which sets the GO/NO-GO
level for the battery under analysis and
indicates discharge time in increments of
0.1 hour cver a range of zero to 3.0 hours
(3.6 hours for 50 Hz operation). The
small knob at bottom of dial secures it
in place. During use, this dial is set
to a time specified by Table 3-3 for the
particular battery by aligning the
specified dial indication with the GO/NO
GO arrow (8).

GO/NO-GQ
Arrow

This arrow is the GO/N0O-GO point for bat-
tery analysis. |If the discharge pointer
(9) bas passed the GO/NO-GO arrow at the
time the battery reaches the discharged
state, the automatic cycle continues. |f
the pointer has not reached the arrow at
that time, the BATTERY REJECT indicator
(20) lights and the charger/analyzer will
not start automatic recharging.

HRS DISCHARGE
Pointer

Timer pointer indicates elapsed discharge
time. During use this pointer must be set
to zero on G0/NO-GO dial (7) before unit

is turned on. When discharge automatically
begins, the pointer travels in a clock-
wise direction. When the battery reaches
battery discharge voltage, the pointer
movement stops. The elapsed discharge

time multiplied by the discharge current

Figure 3-2.

Controls and Indicators (Sheet 3 of %)
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Figure 3-2
Index No.

Nomenclature

Function

equals the actual ampere-hour capacity of
the battery in LONG CYCLE, SHORT CYCLE
will indicate rated capacity, or less.

10

DI SCHARGE
Switch

Selects discharge mode for the battery
under anatysis. The NORMAL position
provides a controlled, constant current
discharge rate with programmed cycle.
The DEEP position provides discharge
until manually stopped.

11

Digital Meter
Panel (DPM)

Provides value of parameter selected by
Meter Switch (13).

12

Bar
Disptlay

The red display shows the magnitude of

the charging current. When pulsing, the
red display identifies the RF80H as being
in the ReFLEX charging mode. The green
display shows the approximate state-of-
charge of the battery when ReFLEX charging.
When not-pulsing, the green display
identifies the discharge {analyze) mode.
See Table #3-1 for additional details.

Meter Switch

Selects parameter to be displayed on DPM
(11), e.g.: charge or discharge current
(AMPS), battery voltage (BATTERY VOLTS),
or cell voltage (CELL VOLTS). The BATTERY
VOLT position automatically applies the
overall voltage of the battery under test
to the meter. The CELL VOLTS position
applies the battery cell voltages
monitored with the scanning probes con-
rected to panel jacks (14). See 3-37.

14

CELLS VOLTS
Jacks

Two panel jacks, one red (+)} and one black
(-), for connection to the cell voltage
measurement probes. The signal monitored
here is applied to the meter if the meter
switch (13) is in the CELL VOLTS position.

BAT TYPE
Switch

Selects proper ReFLEX charge for battery
type under analysis. Proper setting for
each battery type is listed in Table 3-3.

Figure 3-2.

Controls and Indicators (Sheet 4 of 6)
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- Figure 3-2
‘rdex No. Nomenclature Function
16 CYCLE RESET Momentary switch which resets the automatic
Switch cycle to the initial charge mode. This
switch can be operated at any time to reset
the unit to charge mode when CHG MODE
switch (22) is in ReFLEX position.
17 BATTERY RATING Selects internal circuit functions com-
Switch patible with six different battery ampere-
hour capacity categories. The battery
cable type (twin or yellow band) used with
each position is also shown. This switch
is set according to battery type to the
position as provided in Table 3-3.
18 CELLS IN Selects internal circuit functions com-
SERIES patible with the number of celils (11, 19,
Switch 20, or 22) actually in the battery.
| 19 DISCH CURRENT Adjustable multi-turn control which sets
] ADJUST the constant discharge current rate as
Control indicated on meter (11).
20 BATTERY Red indicator which lights if the battery
REJECT under analysis fails to have rated ampere-
Indicator hour capacity as indicated by HOURS DIS-
CHARGE pointer failing to pass the GO
arrow (8).
21 CYCLE Green indicator which lights at the end of
COMPLETE the full automatic cycle if the battery has
Indicator at least ''GO' capacity.
22 CHG MODE Selects charging mode of unit. The ReFLEX
Switch position provides normal ReFLEX charging
and also allows full automatic operation.
The CONST CURRENT position provides con-
stant current charging, at greatly reduced
rate, for use in certain types of special
tests or applications. No automatic cycle
is provided in this mode.
23 CHG CURRENT Adjustable multi-turn control which sets the
ADJUST charging current rate as indicated on meter
Control (11).
Figure 3-2. Controls and Indicators. (Sheet 5 of 6)
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Figure 3-2
Index No. Nomenclature Function
24 CHG CURRENT Momentary switch which, when operated,
ADJUST places the unit in the constant current
Switch mode. This allows the adjustment of
charging current in the ReFLEX mode by
CHG CURRENT ADJUST control (23) to be
read directly on DPM {11). See
figure 3-1 step 13A.
25 SHORT/LONG LONG CYCLE allows discharge to continue
Discharge for actual capacity. SHORT CYCLE will
Cycle stop discharge at 12 o'clock.
Selector
Figure 3-2. Control and Indicators (Sheet 6 of 6)
3-10 STANDARD AUTOMATIC OPERATICON. The charger/analyzer provides an automatic

3-10A

three-cycle program for battery charging and analysis. During the first
cycle the battery is RefLEX charged for a specified time period, and then
automatically switched to the second cycle. The second cycle is a constant-
current discharge analysis cycle in which the actual ampere-hour capacity
(LONG CYCLE) or the pre-programmed capacity (SHORT CYCLE) of the battery is
established. If the battery fails this test, the red BATTERY REJECT indicator
will light and the battery will not recharge. If the battery passes the
analysis cycle tests, it is automatically switched to the final recharge
cycle in which it is again ReFLEX charged to full capacity and the green
CYCLE COMPLETE indicator will light. The only operator actions required are
cell scanning at the beginning and during the last few minutes of the first
cycle charging period, near the end of the second cycle discharge period,
and during the last 10 minutes of the recharge cycle.

DigiFLEX OPERATION. The green bar display, during the last few
minutes of CHARGE, gives an indication of relative state-of-charge
and state-of-health of the battery connected to the RF80H. Green

bars start to appear at about 90% of attainable battery capacity.

Ni-cad battery characteristics differ by brand, type, service history,

etc.. Thus, one battery may be fully charged when 8 green bars 1ight

up, yet another battery may produce 8 bars and not yet be fully
charged. To maximize the benefits of DigiFLEX operation, experienced
operators do the following:

(a) Connect a battery to the RF80H. Follow the procedure of 3-10
and 3-20. However, just before the beginning of the discharge
cycle, observe and record the number of green bars.

(b) Perform the discharge and recharge cycles of 3-10. At the end
of the discharge cycle, record the ampere-hour discharge capacity
as described on page 3-5, index #9.

(c) The next time that particular battery is brought in for servicing,
follow the same ReFLEX charging procedure described in (a). When
you observe the same number of green bars as previcusly observed,
that battery will most likely have approximately the same ampere-
hour capacity as previously noted.
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STEP7

STEP 13

STEP 12

STEPS

STEFP 6 STEP 9 STEP 10 STEP 3

ANALYZAR
el RYEER

STEP 13A,
17-20

STEP 4
BATTERY CABLE
CONNECTOR

STEP14  STEP8 STEP 16 STEP 21 STEP 11 STEP15 STEP1 STEP2

TD-A6

Figure 3-1. Standard Operating Procedure
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3-11. A step-by step procedure for charging any ni-cad battery is given and
illustrated in Figure 3-1. The specific parameters and control settings
for most popular battery makes and types are provided in Table 3-3.
Perform the procedure of Figure 3~1 while observing the following:

a. Read and understand the battery manufacturer's battery manual before
starting.

b. IT IS GOOD PRACTICE to periodically monitor, as time allows, the
battery and charger/analyzer throughout the automatic cycling.

CAUTION

NEVER OPERATE WITH THE CHG MODE SWITCH IN CONST
CURRENT (CONSTANT CURRENT) POSITION WHILE USING
THE ReFLEX CHARGING CURRENT LEVELS OF TABLE 3-2.
SEVERE BATTERY DAMAGE WILL RESULT.

c. If at any time during operation the BLOWN FUSE INDICATOR LIGHTS (except
briefly at turn-on) and remains lighted, fuse F4 has blown and ReFLEX
charging action is not taking place regardliess of seemingly correct
charging action and meter indications. Stop operation immediately,
correct the problem, and replace fuse Fh.

3-12.  BATTERY ANALYSIS AND ACCEPTANCE CRITERIA.

3-13. OBSERVATIONS. After you have set up and started the unit, you will observe
the red pulses of the Bar Display. You may also observe its green pulses
depending upon the battery's state-of-charge.

Red pulses show the magnitude of the charging current.

Green pulses show the approximate state-of-charge of the battery when ReFLEX
charging. In addition, green pulses identify whether the RF80H is set to
ReFLEX or Constant Current charging. A non-pulsing green display identifies
the discharge (analyze) mode.

Table 3-1 describes how to interpret the bar display's red and green pulses.
Table 3-1

STATUS INDICATOR
(STATE-OF-CHARGE AND CYCLE MODE IND!CATOR)
Red Indicators | Green Indicators Battery Charging Discharging
Pulse | Steady | Pulse Steady | Charged Not ReFLEX | Constant
Charged Current
X small X X
RS max. X X
X X
x X
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Section 3

Operating Procedures (Sheet 1 of 5)

INITIAL SETTINGS BEFORE TURN ON (AC SWITCH TO OFF)

Control or Normal
Step Function Setting Comments
1 CELLS IN See COUNT THE ACTUAL NUMBER OF CELLS IN THE
SERIES. Comments BATTERY. DO NOT RELY ON BATTERY PLATE as
Switch at right cells are sometimes added. Then set to
position exactly equal to number of cells in
battery. DO NOT, for example, operate a 20
cell battery at the 19 cell position.
2 BATTERY Set per The battery rating should be based on the
RATING Step 2 1 hour rating. |If CELLS IN SERIES switch or
Swi tch Column of BATTERY RATING switch are in wrong position
Table 3-3 when unit is turned on, fuse F4 in front
panel may blow {amber BLOWN FUSE INDICATOR
lighted or flashing) and prevent depolarizing
reverse pulses from flowing. This results
in increased battery heating and reduced
battery capacity. Fuse F4 also may blow if
unit is turned on with no battery connected.
3 BAT TYPE Set per CAUTION: ALL CELLS MUST BE OF SAME TYPE
Switch Step 3 AND MANUFACTURER. Refer to paragraph
Column of 3-20 for additional information.
Table 3-3
b BATTERY Use Cable Be sure to remove the vellow covers from
CABLE in Step &4 the Elcon connector when used. Connect
Column of and screw proper cable completely onto
Table 3-3 connector on right side of unit. Then
connect to battery, {+) to (+) and (-) to
(). NOTE: A positive interlock system
results in no charge output if wrong cable
or wrong BATTERY RATING switch position is
used.
5 HOURS Set for Set charging time by turning the black
CHARGE Step 5 pointer on the charge timer. Also see
Timer Column of Paragraphs 3-14 and 3-20. Use proper
Table 3-3 Hz dial.
6 GO/NO-GO Set per To make GO/NO-GO dial setting, loosen the
HOURS Step 6 small black locking knob retaining dial
D1SCHARGE Column of position and rotate dial until the required
Dial Table 3-3 number lTines up with the white arrow on panel

Then tighten the locking knob., Other

3-11




Figure 3-1.

seciiun

Operating Procedures (Sheet 2 of 5)

INITIAL SETTINGS BEFORE TURN ON (AC SWITCH TO OFF)

Control or Normal
Step Function Setting Comments
discharge rates between 5 and 50 amps can
sometimes be used.
7 HOURS Set to This Ts at 8 'clock for 1 hour discharge,
D1SCHARGE 0 Posi- or 4 o'clock for 2 hour discharge, on
Pointer tion 60 Hz dial. During discharge, the discharge
pointer will move clockwise toward the
white arrow, which is the "G0" capacity
point. Use proper Hz dial.
8 CHG MODE REFLEX Always set CHG MODE switch to REFLEX, except
Switch Position for the optional procedures described in
paragraphs 3-25, 3-26, and 3-27. Observe
special operating directions.
9 ANALYZER ON Set to OFF if battery is to be charged
Switch Position only and not analyzed.
10 DISCHARGE NORMAL See paragraphs 3-15 and 3-24 for use of
Swi tch Position DEEP discharge setting.
11 LONG CYCLE/ LONG CYCLé See paragraph 3-19 (a-1 and a-2) for use
SHORT CYCLE | SHORT CYCL of this switch
Switch
TURN-ON AND ADJUSTMENTS
Step Control or Normal Comments
12 AC Switch ON Nothing visible will occur.
13 START Press Fan should start. BLOWN FUSE INDICATOR should
’ Switch Momentar- light up momentarily while switch is depressed
ily If it does not come on, check the tight again

by depressing this switch 30 seconds after the
charge current has been adjusted. If it still
does not come on, replace light before pro-

ceeding. If light stays on after releasing

switch, replace fuse. If the light stays on
or continues to flash, check the BATTERY

3-12
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Figure 3-1.

:eCTION 35

Operating Procedures (Sheet 3 of 5)

TURN-ON AND ADJUSTMENTS

Control or Normal
Step Function Setting Comments
RATING and CELLS IN SERIES switch positions
and replace fuse.
The Status Indicator should show red pulses,
unless cable is not connected to battery,
wrong cable is used, CHG MODE switch is set
to CONST CURRENT position, BATTERY RATING
switch s set wrong, or CHG CURRENT ADJUST
control is turned completely counterclockwise.
13A Meter AMPS In order to obtain a display of current on
Selector the DPM, this switch must be set to AMPS. If
Switch ReFLEX charging, the CHG CURRENT ADJUST switch
(Step 14) - which puts the RF80H into the
constant current charging mode - must also be
depressed. Otherwise an error signal indi-
cation will be displayed.
14 CHG Press Simul taneously, press the CHG CURRENT ADJUST
CURRENT switch and set the charge current by turning
ADJUST the multi-turn CHG CURRENT ADJUST control.
Switch
CHG Set per
CURRENT Step 14
ADJYST Column of
Control Table 3-3
15 DISCH Set per Start discharge by moving only the white
CURRENT Step 15 pointer of the HOURS CHARGE timer gently
ADJUST Column of counterclockwise back through zero. Then set
Control Table 3-3 the discharge current by turning the multi-

turn DiSCH CURRENT ADJUST control. In rare
cases, mechanical movement of the white
pointer may not result in termination of the
charge cycle and initiation of the discharge
cycle. The reason relates to the mechanical
alignment of Charge Timer components. Should
your repetitive gentle counterclockwise move-
ment of the white pointer through zero not re-
sult in the discharge mode, then mechanically
move the white pointer close to zero and let
it move electrically the remaining few moments
until the zero contact closure initiates the
discharge cycle.

TD-A6
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Operating Procedures (Sheet 4 of 5)

TURN-ON AND ADJUSTMENTS

Control or Normal
Step Function Setting Comments

16 CYCLE Press Press CYCLE RESET switch to start the now
RESET Momentar- fully~-programmed automatic charge-discharge-
Switch ily recharge cycle.

BATTERY ACCEPTANCE OR REJECTION
Control or Normal
Step Function Setting Comments

17 CellVoltage CELL VOLT IMMEDIATELY AFTER START OF CHARGE: Use
balance Position scanning probes to check voltage of each
check at cell. Stop charging operation and reject
start of battery if any cell is shorted, measures less
charge than 1.0 voit, or has reversed polarity.
(Meter Review paragraph 3-17. If any cell voltage

switch) is unusually high, check electrolyte level.

18 CellCapacity CELL VOLT] DURING CHARGE: At least during the last
balance Position 10 minutes of charge, use scanning probes
check to check whether one or more cell readings
during are substantially higher or lower than the
charge others. See paragraph 3-17 in case of

abnormal readings.

19 Cell Voltage CELL VOLT] DURING DISCHARGE: After 54 minutes of
halance Position discharge if discharging at the 1 hour
check rate (or after 1 hour 48 minutes if dis-
during charging at the 2 hour rate), use scanning
discharge probes to check that each cell voltage is
(Meter at least 1 volt.

switch)

20 Cell Capacity CELL VOLT BURING RECHARGE: At least during last 10
balance Position minutes of recharge, use scanning probes to
check check whether one or more cell readings
during are substantially higher or lower than the
recharge others. See paragraph 3-17 in the case of
(Meter abnormal readings.

switch)

21 Acceptance FOR BATTERY TO BE ACCEPTABLE, THE FOLLOWING
or FOUR CONDITIONS MUST ALL HOLD TRUE AT END
Rejection
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Operating Procedures (Sheet 5 of 5}

BATTERY ACCEPTANCE OR REJECTION

Step

Control or
Function

Norma}l
Setting

Comments

OF RECHARGE:
A. Green CYCLE COMPLETE indicator is lighted.
B. There were no abnormal readings in Steps

18 and 20 for which corrections have not

been made.

€. There were no cells with less than 1 volt
In Step 15.

D. Electrolyte level satisfies battery manu-
facturer's requlirements.




BATTERY INFORMATION

CHARGER ANALYZER SETTINGS (See Set-Up Procedurs)

Step No. 2 | Step No. 3 | Step No. 4 | Step No. 5 | Step No. 6 | Step No. 14} Step No. 15
1-hour G?i/[)'fj%g 0 CHG Dé%l%%%ﬁ%
G-E MARATHON SAFT arlgg-hr BATTERY | BATTERY HOURS DISCHARGE CURRENT {amp)
ng [{RATING NO. TYPE CABLE CHARGE (amp)
ug STD($)alt STD()al
Yolow-.: R ¢ Jee
" A
8 B
- CA7(12M220) 8 B
11RB18 - 1217 12 5 A Yoliow 1 1] 2 24 12| s
- CA103(10H120) - 13 5 A Yellow 1 1 2 26 13 6%z
- - 1656 15 5 A Yellow 1 1} 2 30 15 | ™%
COMMON - SP/CAT700{1TH100) 1756 17 5 A Yellow 1 1] 2 Y] 17 | %
g - CAZ1H(20H120)(B) - 20 4 A Twin 1 1| 2 0 20 | 10
M 20810 - - 71 4 A Twin 1 1| 2 a2 21 | 10w
M — CAT27(24M220) 23 2% 5 B Yollow i 2 24 12
£ - CA9(24H120) 2376(5) 2 4 A Tl 1 1| 2 4 24 | 12
R 22RR20 - - % 4 A Twin 1 1| 2 52 % | 1
f 34RB12 - 4076(%) 3% 2 A Twin 1 1] 2 T2 3 | 18
A - - 4008 % 2 A Twin 1 1] 2 72 3% | 18
L - CASH{36H120)(5) - a0 2 A Twin 1 11 2 80 R
BATTERIES - CASHj{ 36K120)(5) - 40 2 A Twin 1 1] 2 80 4 | 20
- CAS(36M220) 4071 40 4 B Tiwin 1% 2 20 20
- §7/CA400(40H100)(5) - 40 2 A Twin 1 11 2 80 4 | 20
- - 5109 50 2 A Twin 1Y 1] 2 80 50 | 25
50LBO1 - - 50 1 A Twin " 1] 2 80 80 | 25
5 6 A Yallgw 1 1] 2 10 5 | M
MA-500K
COMMON BB-641 & BA-6T6 10 5 A Yellow 1 1 2 20 10 5
MILITARY BE-649 20 4 A Twin i 1| 2 4 20 | 10
BATTERIES MA-0 & BB-434 20 4 A Twin 1 1 | 2 40 2 | 1w
MA-5 & BB-433 30 3 A Twin 1 § 2 50 0 | 15

O CROONS

NOTE: Read ‘‘WARNING'* In #1-2 of RFBOH manuat,

**80 amp minlmum
+*+*50 amp maximum
N116836-Rev.F

TD-A6

BATTERY DATA |5 BASED UPON BEST AVAILABLE INFORMATON

Use the saltings shown In this horlzontal band for any battery, sspaclally thase not listed In
The Bne of your battery’s € value (alsa n the battery manual) contslns the ssttings to use.

Listed in: battery manufacturer's manuals.

"*C"" i5 tha numbsr aqulvalend o tha am
batigry manufacturer’s manuals,

Larfaln batterins may heat up more than desired during discharge. A two hour (C/2) discharge rate (alt) should raduce thelr discharge temperatiire ise
Cartaln batteries are also avallable in slightly differsnt cases, {v.g.; 4076 vs 40176, stc.)

See Instruction Manual for alternate charger/analyzer settings.

3-16

the two lowaer bands. Under your brard of battery, detarmine which typs call you hava (rafer 1o the battery manutacturer’s manual).

pere-hour rating of the batiery when discharged at the one-hour rata. EXAMPLE; For a battery rated 20 A-H at the 1-haur rate: € snuals 20; 2C equals 40. C valuss can ba found in the




3-17.

3-18.

Section 3

SAVING CYCLE TIME. |If approximate 1-second pulse action occurs during

the first few minutes, the battery is at a relatively high level of charge.
Cycle time can be saved by rotating only the white pointer counterclockwise
on the HOURS CHARGE timer to the 0.2 to 0.5 hour point (leaving the black
pointer undisturbed}. Manual rotation clockwise with the power on can
produce mis-positioning of the white pointer.

BATTERY ACCEPTANCE OR REJECTION CRITERIA. There are four points in the
automatic cycle at which the battery is subjected to pass-fail tests. The
first two consist of cell scanning during initial charge cycle, the third
test is at the end of the discharge cycle, and the fourth is at the end of
the recharge cycle. Paragraphs 3-16 through 3-20 discuss these criteria.

Cell_Scanning Method. Cell scanning is performed using the red (+) and black
(-) probes to measure individual cell voltages. Each cell should be

measured across the positive (+) and negative (-) terminal using the following
method:

a. Set DPM switch to the CELL VOLT position.

b. Start with the cell connected to the red positive (+) terminal of
the battery. This is usually considered cell number 1. Measure
across the cell terminals with the probes and observe the cell
voltage on the DPM. It is good practice to record the voltage of
each cell for future reference.

c. Repeat step b for each of the remaining cells.

Cell Scanning During Initial Charge Cycle and Recharge Cycle. Cell

scanning is performed twice during the initial charge cycle and once
during the final recharge cycle. The basic requirements are as follows:

a. Cell Voltage Scanning Upon Turn-0n
Immediately after turning on the charger, measure the voltage of
each cel!. Reject the battery if any cell is shorted, measures
less than 1.0 volt, or has reversed polarity. Also review {b).

b. Cell Capacity Scanning During Last 10 Minutes of Charge
At least during the last 10 minutes of the initial charge and the
final recharge, use scanning probes to check whether one or more
cell readings are substantially higher or lower than the others,
See paragraph 3-17c in case of abnormal readings.

c. Cell Evaluation Scanning _
tf a cell voltage is at least 0.1 volt less than the average of all
the individual cell voltages, it could be weak and should be
monitored closely for signs of failure throughout the discharge
cycle. if any minimum cell voltage is greater by at least 0.1 volt
than the other cells, it could have too low an electrolyte level.
Try adding one or two drops of distilled water to lower the voltage.
If a cell is obviously defective, such as having a zero to 1.4 volts

total charge, the battery is unsuitable and should be rejected with-
out further testing.

Cell Voltage Scanning During Discharge Cycle. After 54 minutes (0.9 on HOURS
DISCHARGE dial) of a 1 hour discharge cycle or after 1 hour and 48 minutes
(1.8 on HOURS DISCHARGE dial) of a 2 hour discharge cycle, the individual
cell voltage must be scanned a second time. If all cells measure over 1.0
volt, allow the discharge cycle to continue. |If any cell measures less
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than 1.0 volt, battery (deep discharge)reconditioning i5 required as
described in paragraph 3-24, reqardless of whether the battery passes
the battery capacity GO/NO-GO test described in paragraph 3-19.

GO/NO-GO Decision in Discharge Cycle. The charger/analyzer automatically

makes a GO/NO-GO decision as to battery capacity at the end of the
discharge cycle. This decision is predicated upon an average cell voltage
of 0.95 volt defining the discharge state, For example, a decision would
be made at approximately 18 volts for a 19-celi battery. The GO/NO-GO
decisions are as follows:

a~1. in the LONG CYCLE, if the HOURS D!SCHARGE pointer, which moves
clockwise, is past the white GO arrow {at 12 o'clock on the panel)
when the battery voltage reaches the discharge state decision point,
the battery has demonstrated its rated amere-hour capacity. The
charger/analyzer will automatically switch to the final recharge
cycle but not until it reaches the voltage listed in 4-15 (D), and
then will recharge the battery and shut off. The green CYCLE COMPLETE
indicator will light. The battery is now fully charged and ready
for its intended use. In summary, the operator is told not only
whether the battery is good or bad, but also how good or how bad -
i.e., total ampere-hour capacity. Since the battery is always fully
discharged (to 0.95 volt average per ceil) at the end of the LONG
CYCLE, it takes, for example, 1 hour 15 minutes in lieu of 1 hour
{(or 2 hours 30 minutes in lieu of 2 hours) for a battery with 25%
more than rated capacity.

a-2. In the SHORT CYCLE, the analyzer will automatically switch to the
final recharge cycle when the ampere-hour capacity set by the
operator is met {i.e.: the discharge timer reaches the 12 o'clock
position). In summary, the SHORT CYCLE tells the operator whether
the battery is good or bad, and how bad. It does not tell how good
it is, The SHORT CYCLE never takes more than 1 hour if the 1-hour
discharge rate is used, or 2 hours if the 2-hour rate is used. [t
can be used to save time if the operator merely wants to know if
the battery has met his minimum ampere-hour discharge capacity.

NOTE
IF THE ELECTROLYTE TEMPERATURE OF A PARTICULAR
TYPE BATTERY EXCEEDS 49°C AT THE END OF THE DISCHARGE
CYCLE, SET THE AC SWITCH TO OFF AND ALLOW THE
BATTERY TO COOL TO WiTHIN 5°C OF AMBIENT TEMPERATURE
BEFORE RECHARGING. IN SUCH CASES, FUTURE DISCHARGING
OF THIS BATTERY SHOULD BE PERFORMED AT A 2 HOUR (C/2
DISCHARGE RATE.

b. If the HOURS DISCHARGE pointer has not passsed the white GO arrow
when the battery voltage reaches the decision voltage, the battery
has less than the rated ampere-hour capacity. When this occurs the

programmed cycle will be interrupted. The red BATTERY REJECT indicator

will light and the charger/analyzer will continue to discharge the
battery at approximately the 10 hour rate (C/10} for the time set by

the black HRS CHARGE pointer. This facilitates deep discharge battery

reconditioning as described in paragraph 3-24,
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3-20.

3-21.

3-220

3-23.

NOTE

IN "LONG CYCLE'" THE ACTUAL AMPERE-HOUR (AMPERES

X HOURS) CAPACITY WILL BE DISPLAYED REGARDLESS OF
WHETHER PREDIALED CAPACITY 1S REACHED (GREEN LIGHT)
OR NOT (RED LIGHT). READ AND RECORD TIME AND
CURRENT. 1IN "SHORT CYCLE'', ONLY PREDIALED CAPACITY
(GREEN LIGHT) OR LESS (RED LIGHY) WILL BE DISPLAYED.

Attainable Capacity Greater Than Rated Capacity. |If the time between

pulses does not exceed 1 second at the end of charge with the BATTERY
TYPE switch A setting, and the battery did not heat or gas excessively
during the charger cycle, it may be an indication that the battery has a
substantially greater attainable capacity than its rated capacity. In
this case: I

a.

{ontinue charging for an additional 0.5 hour by operating the CYCLE
RESET switch and advancing only the white HOURS CHARGE pointer on the
charge timer to the 0.5 hour point {leaving the black pointer un-
disturbed). If the time between pulses exceeds 1 second toward the
end of charge, continue using the BATTERY TYPE switch A setting. In
subsequent battery tests, use this actually attainable ampere-hour
value for C when setting the charging current.

For maximum 1ife, maximum reliability, and minimum memory effect,
the battery should be charged to the maximum attainable capacity
whenever possible.

If the time between pulses with the BATTERY TYPE switch A setting
fails to exceed 1 second just occasionally with a certain type battery,
and the current setting is properly based on attainable capacity,

it may be an indication of one or more weak cells, In this case,

the cell voltages should be checked at regular intervals during

the capacity test.

The B setting is used whenever the A position does not provide sufficient
depolarization., Depolarization is usually sufficient when the battery
temperature during charge rises less than 15° C and gassing is not
excessive.

Some A batteries require B polarization only when new or immediately
after reconditioning. In this case, the A setting should be used
after one or more discharge cycles.

ELECTROLYTE LEVEL CHECK. Once the full charging program has been
successfully completed, let the battery rest for 2 to 4 hours. Then check
the electrolyte level of each ceil and add pure distilled water if

necessary. Refer to paragraph 3-25 for opticnal electrolyte level
checking procedures for certain batteries.

OPTIONAL PROCEDURES.

The charger/analyzer has several capabilities in addition to the standard
automatic charge and analysis operating mode. These capabilities assist
in the reconditioning of batteries which have been rejected during
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analysis; they also allow the performance of special procedures required

by some battery manufacturers. Optional procedures that can be performed
are:

a. Deep discharge cell equalizing.
b. Electrolyte level check.

c. €Cell balance check.
d. Cell fatigue (cellophane barrier) test.

e. Partial mode operations including charging only, lengthening of

charge times, manual switching to discharge mode, and manual stop
after discharge.

f. Constant current charging.

DEEP DISCHARGE CELL EQUALIZING. Deep discharge cell equalizing is a
process which discharges each cell individually in a controlled manner
ta zero volts. This procedure should be used if equalizing is a user's
routine reconditioning procedure; it may also be used to recondition
batteries which have been rejected during the discharge analysis portion
of the charger/analyzer automatic cycle. Perform this procedure as follows:.

a. With the AC switch set to OFF, connect the battery to the charger/
analyzer. Set the CELLS IN SERIES switch, BATTERY RATING switch, and

BATTERY TYPE switch to the positions listed in Table 3-3 for the
battery.

b. Set the HOURS DISCHARGE dial to the 2 hour position and the pointer to

0. Set the ANALYZER switch to ON, DISCHARGE switch to DEEP, and AC
switch to ON.

c. Operate momentarily the START switch and the CYCLE reset switch.
Rotate the white HOURS CHARGE pointer through zero {(leaving black
pointer undisturbed) to start discharging.

d. Refer to Table 3-3 and obtain the battery 1 hour ampere~hour rating
(C} and divide this value in half (C/2) to obtain the 2 hour discharge
current for the battery. Set the DISCH CURRENT ADJUST control to
obtain the 2 hour discharge current on the pane! meter.

e. Allow the battery to discharge and use the charger/analyzer probes
(with meter switch at CELL VOLT position) to scan the cell voltages.

f. As the voltage of an individual cell drops below 0.50 volt, short out
that cell individually by connecting a shorting strap between the (+)

and the (-} terminals. Continue this process until the overall battery
voltage drops below 10 voits,

g. Shut off the charger/analyzer and disconnect the battery. Connect

individual shorting 5 watt 1/2 ohm resistors across all remaining
battery cells.
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3-26.

h. Monitor cell voltage and allow the cells to remain shorted out for
at least 3 hours (overnight is recommended if possible) after all
cells have dropped to zero.

i. Remove the shorting straps and resistors and charge the battery using

the full standard automatic charging and analysis cycle of the charger/
analyzer,

ELECTROLYTE LEVEL CHECK DURING CHARGE. Some battery manufacturers (such as
SAFT) require checking of electrolyte level during (not after) charge., This
must be performed immedliately after the battery has been fully analyzed and

ReFLEX recharged as described in Figure 3-1. Perform the electrolyte level
check as follows:

a.

Refer

to Table 3-3 and determine the 1 hour ampere-hour (C} rating of

the battery. Divide this value by 10 to obtain the current value for
10 hour (C/10) constant current charging mode.

Set CHG MODE switch to CONST CURRENT. Momentarily operate the CYCLE

RESET

switch to start the charge cycle. IMMEDIATELY (within 10

seconds) adjust the CHG CURRENT ADJUST control for the C/10 current

value,

Allow
rate.

as indicated on panel meter, that was calculated in step (a).

the battery to charge for 1 hour at the €/10 constant current
During the last 10 minutes of this charging period, check and

adjust the electrolyte level in accordance with the battery manufacturer's
instructions.

CELL VOLTAGE BALANCE TEST DURING CONSTANT CURRENT CHARGE. Some battery
manufacturers (such as General Electric) recommend checking cell balance
while the battery is being charged at a constant current. This must be

performed immediately after the battery has been fully analyzed and
ReFLEX recharged as described in Figure 3-1. Perform the cell balance
test as follows:

Refer

NOTE

—

CHECK INDIVIDUAL BATTERY CELL TEMPERATURE. IF ANY
CELL TEMPERATURE EXCEEDS 49°C, LET THE BATTERY CELLS
COOL TO THAT TEMPERATURE BEFORE PROCEEDING.

to Table 3-3 and determine the 1 hour ampere-hour (C) ‘rating

of the battery. Divide this value by 10 to obtain the current value
for the 10 hour (€/10) for the constant current charglng mode.

Set CHG MODE switch to CONST CURRENT. Momentarily operate the
CYCLE RESET switch to start the charge cycle. [IMMEDIATELY (within
10 seconds) adjust the CHG CURRENT ADJUST control for the €/10 current

value,

as indicated on the DPM, that was calculated in step (a).

Set the white HOURS CHARGE pointer for 30 minutes (0.5 on dial) of
charging. During the last 10 minutes of the charging period, use the
charger/analyzer probes (with meter switch set to CELL VOLT position)
to measure individual cell voltage. Record each cell number and
voltage for use during cell fatigue tests. Replace any cell in which
the voltage is not within 0.05 volt of any other cell,
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3-27.

3-28.

3-29.

3-30.

3-31.

d. If the cell fatigue (cellophane barrier) test is to be performed,
retain control settings and proceed directly to paragraph 3-27.

CELL FATIGUE (CELLOPHANE BARRIER) TEST. Some battery manufacturers

(such as General Electric) recommend checking for separator gas barrier
(cellophane) condition. This is accomplished directly after and
essentially as part of the cell balance tests of paragraph 3-26. Perform
the cell fatigue test by continuing the cell balance test as follows:

a. Retain the charger/analyzer control settings from the last step of
paragraph 3-26 including the C/10 current adjustment.

b. Continue charging at a C/10 constant current for an additional 4
hours. To facilitate timing, the black HOURS CHARGE pointer can be
set to the 2 hour position and then reset for a second 2 hour period.
Operate the CYCLE RESET switch to start the charging cycle as needed,
The total charge time including the cell balance test is 4.5 hours.

The battery should be monitored, as time allows throughout the charging
period.

c. During the last 10 minutes of the 4 hour charging, measure each
individual cell voltage using the charger/analyzer probes. Replace
any cell in which the voltage has decreased, in the 4 hour period,
by 0.04 volt or more from the voltage measured and recorded in
paragraph 3-26, step (c). Replace any cell in which the voltage
measures below 1.50 volts. Measure individual cell electrolyte

teumperature and replace any cell in which the electrolyte
temperature exceeds L40°C.

CHARGING ONLY. Sometimes it is desired to only charge a battery without
the discharge capacity test portion of the automatic cycle, or to stop the

cycle after the initial charging to perform electrolyte level adjustment.
In such cases proceed as follows:

a. Perform the procedures of Figure 3-1, except in step 9, set ANALYZER
switch to OFF, and do not perform steps 6, 10, 11, 15, and 17 through
21.

b. The charger/analyzer will now charge the battery for the specified
period and automatically stop. At the end of the charging period the
green CYCLE COMPLETE indicator will light.

LENGTHENING CHARGE TIME. If it is desired to lengthen the charging time
while charging is in progress, operate the CYCLE RESET switch and rotate
the white HOURS CHARGE pointer (do not move the black pointer) to the
position which provides the additional charging time required. To increase

REcharging time, set ANALYZER switch to OFF before operating CYCLE RESET
switch.

SHORTENING CHARGING TIME. |If it is desired to shorten the charging time
while charging is in progress, rotate the white HOURS CHARGE pointer (do

not move the black pointer) to the position which provides the remaining
charging time desired.

MANUAL SELECTION OF DISCHARGE MODE. The discharge mode can be manually
selected at any time in the atuomatic cycle if the CHG MODE switch is at
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REFLEX, the ANALYZER switch is at ON, and the HOURS DiSCHARGE pointer
is counterclockwise from the white GO/NO-GO arrow. To select the dis-
charge mode while in a charge mode, gently rotate the white HOURS CHARGE
pointer counterclockwise slightly past zero (without changing the black

pointer position). The unit will then automatically switch to the dis-
charge mode,

:=32. AUTOMATIC STOP AFTER DISCHARGE. The charger/analyzer can be set to auto-
matically stop when discharged to the full discharge point and, therefore,
not continue atuomatically into the recharge mode. This is easily
accomplished by setting the HOURS DISCHARGE white GO/NO-GO dial to a
higher discharge time setting than the ampere-hour capacity of the battery
will allow it to attain. For example, a GO/NO-GO dial setting of 2.9,
with the pointer set to zero, and the normal discharge rate will cause a
battery to reach the discharge point before the GO arrow is reached, The
high discharge will then automatically stop, dropping to the approximate
battery 10 hour rate (C/10) for the additional time equal to the black
pointer setting of the charge timer.

The red BATTERY REJECT indicator will light under these conditions, but
will not be indicative of a rejected battery.

3-33. CONSTANT CURRENT CHARGING. If it becomes necessary to charge individual
cells, or batteries up to 21 cells (other than 11, 19, 20, or 22 cells),
this can be accomplished by operating in the constant current mode. In

these cells, charge for 7 hours at the 5 hour (C/5) rate, or for 14 hours
at the 10 hour (C/10) rate.

3-34. OPERATING PROCEDURES AFTER POWER FAILURE. As a safety feature, in case of
power failure during any part of the cycle, the unit will turn off. The
discharge timer pointer, however, will allow determination of the battery

status at the time of power fajlure. There are three possible pointer
positions:

a. |If the discharge pointer is at zero, it means that the battery was
still charging. Once power becomes available, operate the START switch,
and the charge cycle will start and operate for the maximum time set
at the charge timer. As soon as the time between pulses is approximately
1 second {10 pulses in 10 seconds), move the white HRS CHARGE pointer
to the 0.25 to 0.5 hour point, leaving the black pointer undisturbed.

b. If the discharge pointer is between zero on the dial and the white GO
arrow, that means that the battery was discharging. Once power becomes
available, operate the START switch and then the CYCLE RESET switch.
Then gently rotate the white pointer of the HOURS CHARGE timer counter-
clockwise lightly through zero (leaving black pointer undisturbed), and

the discharge operation will continue from its status when the power
failed. ‘

¢. If the discharge pointer is past the white GO arrow on LONG CYCLE or
at 12 o'clock on SHORT CYCLE, it means that the battery has passed the
GO point during discharge, and is conditionally acceptable for use when
full recharged. Once power becomes available, operate the START switch
to complete the recharge with ANALYZER switch OFF.
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3-35.

3-36.

ALTERNATE BATTERY CAPACITY VALUE. Certain battery manufacturers permit
acceptance at 85% instead of 100% of rated battery capacity. |If your shop
procedure is to accept as battery discharge capacity on 85% (instead of

the 100% of rated battery capacity that is the basis of Model RFBOH
operation), rotate the discharge timer dial (step 6, page 3-11) to 85% of
the time specified in Table 3-3,

NEW BATTERY UNBALANCE. 'Previously unused batteries, particularly those
not in shorted condition, may initially exhibit cell unbalance that is

larger than desired. To prevent under or overcharging (excessive heating},
the following is recommended:

a. Deep discharge all new batteries per 3-24 bhefore proceeding with
the automatic cycles described in 3-10.

Repeat automatic cycles until capacity on two successive cycles is
about unchanged. These cycles should consist of ReFLEX charge, NORMAL
discharge at the two-hour rate, and ReFLEX recharge. Should cell
electrolyte temperature exceed 40°C after discharge, it is recommended
that the battery cool to below that temperature before recharging.

3-24 TD-A6




4-1,

ll-3c

4-&,

-5,

4-6.

4-8,

L‘-S-

Section 4

SECTION 4

MAINTENANCE

GENERAL,

This section provides instructions for Inspection, preventive and cor-
rective maintenance, adjustment, and trouble-shooting of the charger/
analyzer. The contents of this section presuppose familiarity with the
equipment by maintenance personnel.

PERIODIC INSPECTION AND PREVENTIVE MAINTENANCE.

GENERAL PREVENTIVE MAINTENANCE PROCEDURES. The following are general pre-
ventive maintenance procedures which should be performed on a 180-day in-
spection schedule, and detajled preventive maintenance procedures which
should be performed on an as-required basis, except as otherwise noted.

WORK AREA. Keep the general work area clean on a daily basis. Do not
allow dirt, metal dust, powder, and pieces of paper to collect in the area
of the charger/analyzer as the bujlt~in cabinet cooling fan can easily
suck such items into the unit. Do not block air inlets,

MECHANICAL CONDITION. Conduct a general inspection of the unit for general
mechanical condition. Tighten all bolts, screws, switches, etc., which may

be loose. Make sure printed circuit boards and plug in relays are pushed all
the way inte the connector.

ELECTRICAL CONDITION. Check all switches and controls for proper operation.
All units and circuit cards should be inspected for indications of overheating,

burned resistors, intermittent connections, noisy potentiometers, and leaking
capacitors.,

WIRING. Check the wiring for loose or broken tie-wraps, and frayed or
damaged insulation. Tighten or replace loose or broken tie-wraps. Repair
damaged insulation. Tighten all loose mountings, connections, and fastenings.

CABLES AND CONNECTORS. Examine cables for cracked or deteriorated insu-
lation and for frayed or cut insulation at the connecting and supporting
points. Inspect for loose cable clamps and for loose or corroded con-
nectors. Check cables and connectors for improper placement which might
subject them to strain, kinks or Tmproper supports. Tighten loose cable
clamps, coupling rings, and connections.

PRINTED CIRCUIT CARDS. Remove the plug-in printed circuit cards from the
unit, inspect each card for dirt, broken printed circuits, bad connections,
deteriorated components, and the following general overall conditions:

NOTE
DISCOLORATION OF CONFORMAL COATING AROUND VARtOUS

COMPONENTS HAS NOT DETRIMENTAL EFFECT UPON OPERA~
TION OF CIRCUIT CARDS.
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a. Capacitors for signs of dielectric leakage and for bulging of the
cases. Check terminals for loose connections and corrosion.

b. Fixed resistors for blistering, discoloration, and other signs of
overheating.

c. Variable resistors for defects and loose mountings.
4-11. CLEANING. Clean the components of the unit as follows:
WARNING

DISCONNECT THE POWER CORD OR SHUT OFF MAIN POWER
CIRCUIT AHEAD OF UNIT BEFCORE OPENING CABINET.
DANGERQUS VOLTAGES ARE PRESENT IN EXPOSED CIRCUITS
EVEN WITH AC SWITCH IN OFF POSITION.

WARN ING

USE OF COMPRESSED AIR FOR CLEANING CAN CREATE AN
ENVIRONMENT OF PROPELLED FOREIGN PARTICLES WHICH
MAY ENTER THE EYES AND CAUSE SERIOUS INJURY. AIR
PRESSURE FOR CLEANING SHALL NOT EXCEED 15 psig AND
EYE PROTECTION 1S REQUIRED.

a. Open cabinet top and remove any dust, dirt, or foreign particles
from circuit cards, components, and cabinet, using clean, dry,
filtered compressed air at 15 psig. Remove stubborn dirt from
component side of circuit card assemblies using soft bristle
brush in conjunction with compressed air. Make sure that all
ventilation openings in the cabinet are clean and free of ob-
structions. However, never add air filters to unit.

WARNING

'SOPROPYL ALCOHOL IS TOXIC AND FLAMMABLE. USE CHEMICAL
GOGGLES, FORCED VENTILATION OR RESPIRATORS, AND GLOVES.
KEEP CONTAINER CLOSED, AND KEEP SPARKS, FLAMES, AND HEAT

AWAY. KEEP LIQUID OFF SKIN, EYES, AND CLOTHES. DO NOT
BREATHE VAPORS.

b. Clean printed wiring side of circuit card assemblies, connector
contacts, and exposed switch contacts using a cloth or soft bristle
brush moistened with isopropyl alcohol, Specification TT-1-735, or
equivalent. ©Dry with compressed air at 15 psig.

¢. Remove fingerprints, electrolyte (potassium hydroxide) splatters and
dirt from cabinet parts, front panel, and meter faces using a soft
cloth moistened with a solution of mild liquid scap and water. Rinse
with cloth moistened with water only enough to remove all traces of
soap and dry using soft cloth or compressed air at 15 psig.

4-12. LUBRICATION. No lubrication of the unit is required. However, should

diode replacement be necessary, thermal compound such as GE G624 Silicone,
or equal, should be used at the diode/heat sink interface.
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FUSE COMPLEMENT.

Section-4

Table 4-1 provides a list of fuses used in the charger/

analyzer.
Table 4-1. Fuse Complement
Fuse Rating Function Reasons for fuse
(Amperes) Operation
F1 30 Protects AC input power Shorted diode or SCRs
circuit
F2 100 Protects positive (+) Battery connected with
circuit reverse polarity
Fh 5 Protects ReFLEX control a) battery not connected
ciredits b) CELLS IN SERIES or
BATTERY RATING
switches set incor-
rectly.

CALIBRATION CHECK.

Every 12 months perform the following:

a. Using a fully-charged, known-good battery, check that the Status
Indicator pulsing interval during ReFLEX charging at full charge
is approximately one second with the BATTERY TYPE switch set to
A position and slightly longer when set to the B position.

b. Using representative 11, 19, 20, and 22 cell batteries, fully discharge
each battery using the automatic analyzer mode (DISCHARGE switch at
NORMAL position) and the HOURS DISCHARGE control set for greater than
rated battery capacity to ensure a NO-GO condition. Check on the
meter the battery voltage at time high discharge stops and the red

BATTERY REJECT indicator lights.
should be as follows:

1)
2)
3)
Iy

11-cell battery:
19-cell battery:
20~-cell battery:

22-cell battery:

10.5V DC t 2%.
18.1V DC + 2%.
19.0V DC = 2%,

20.9v DC + 2%.

c. Alternate Procedure Without Battery.

The voltage for each battery type

Procedure for checking end of discharge point wi thout battery. Also,

procedure for recalibration if regquired.

4-3

See I!IB on page 4 - 5,
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I. Equipment Required:

A. Adjustable DC power supply, 0-36V DC, 100 amp.
B. Electrolytic Capacitor, 60,000 UF, 45v DC
€C. Two Resistors, 0.5 Ohm, 3500 W. each.

1. Parts Replacement

A. If R9 {(Charge Current Adjust} is replaced and it is subsequently
found that the maximum attainabie current (using twin cable) is
higher or lower than 80 amp, proceed as follows:

Connect the 60K UF capacitor and the two 0.5 ohm 3500 W.

resistors {all in parallel) to the twin cable. Turn battery
charger on, set to constant current and rotate the ‘'current adjust
control R9 to maximum (fully clockwise). Now adjust R26 on At

card to obtain 80 ampere on the meter.

B. Replacement of any other component off the P/C boards does not
require recalibration.

Iil. Periodic Calibration Check

A. ReFLEX Charging (without Battery)

(1)

(3)

Connect the 60,000 uf capacitor, one 0.5 ohm 3500 W resistor,
the DC power supply and DC voltmeter {all in parallel) to

the yellow band cable. (Observe polarities - all positive
terminals together, and all negative terminals together.)

Set Battery Rating switch to "6',

Set Battery Type switch to "A",

Charge Mode switch to ReFLEX,

Analyzer switch to "on"

Discharge switch to '"mormal'',

Meter switch to "Bat'" volts,

Charge timer to "3'"' hours,

Discharge timer dial so that 2.5 is at the arrow,

Discharge pointer to zero (0},

Charge current adjust fully counterclockwise,

Discharge current adjust fully counterclockwise, and cells
in series switch to '""11'".

Power supply voltage control to zero volts,

Turn AC switch on and press RFBOH start switches. The fan
will start, but yellow lamp will not light until power supply
is turned up. Press the "'press to adjust' switch and adjust
the current to read 5 amp on the DPM. Set the DC power supply
volts to 0.5V DC above value given below. Allow the charger
to warm up 10 minutes. After the warm up, reduce the power
supply voltage sltowly and at the following values (+ 2%) the
charger should start ReFLEXing:
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11 cells 17.6V DC

19 cells 30.4v DC
20 cells 32.0V DC
22 cells 35.2v DC

If any of the settings need recalibration, adjust the
applicable potentiometer:

Cell Position Potentiometer
11 RG41
19 R42
20 R43
22 R4k

(4) Set Battery Type switch to "B'.

(5} Follow the procedure of (3) above. The charger should start
ReFLEXing at the following voltages:

11 Cells 17.3V B¢
19 Cells 29,8v DC
20 Cells 31.4v DC
22 Cells 34.6V DC

If these settings need recalibration first make sure all the
/A" settings are correct. Then a single potentiometer (R58)
on the A3 card will adjust all 4 cell positions simultaneously.

Discharging (without Battery)

(1} Check calibration in accordance with 4-15a except use items
under A. (1) above in lieu of battery if desired. Set power
supply voltage to 1 volt above values given in I1l. B. {(2)
and (3). With discharge current set to 5 amp and charger-

analyzer warmed up, reduce power supply voltage slowly to the
value given.

(2) If any of the settings need recalibration, adjust the
applicable potentiometer: :

Cell Position Potentiometer
11 R71
19 R72
20 R73
22 R74

(3) If the GO/NO-GO decision is preferred to be predicated on
the average cell voltage of 1 volt rather than 0.95 volt per
cell on LONG CYCLE (see also section 3-13), the applicable
voltages should of course be:

11 cell 11.0V DC
19 cell 19.0V DC
29 cel 53:8Y BE
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4-16, TROUBLESHOOTING.

4-17. The charger/analyzer is rugged, reliable equipment. Sometimes, however,
things do go wrong. Experience has shown that most apparent malfunctions
of the charger/analyzer are caused by unsuspected heat sources, improper
input power, and operator error. Table 4-2 1ists troubles that have been
experienced in the field, along with the sometimes uncommon causes and
remedies. Table 4-3 provides test points and voltages as an aid to

fault isolation,

4-18. SPARE PARTS

4-19. Experienced operators prefer keeping a few replacement parts on hand.
The following are suggested, although you may prefer to add other items

listed in Section 5.
| tem
Al printed circuit
A3 printed circuit
F1 fuse (30 amp)
F2 fuse {100 amp)

F4 fuse (5 amp)
K1 (or K&, K5, K8)

4L-20. SCHEMATIC DIAGRAM.
4-21. Figure 4-1 provides the

Table 4-2,

card
card

relay

Part Number

$113950-5
5116913-2
546130-013
546191-041
546105-008
571403-001

schematic wiring diagram for the charger/analyzer.

Troubleshooting (sheet 1 of 5)

Trouble

Probable Cause and Remedy

No DC output to battery (no
red dashes on Bar Display)

CHG CURRENT ADJUST CONTROL NOT [N CORRECT
POSITION. The control must be at least 90
degrees from full counterclockwise. Check
this as someone may have rotated it.

WRONG CELL SELECTION. Count cells and use
matching selector switch position.,

BATTERY RATING SWITCH POS!TION AND CABLE IN
USE INCOMPATIBLE. A protective interlock
prevents DC output 1f the wrong cable is used
with a specific BATTERY RATING switch position.
Check both switch position and cable and cor-
rect as needed.

NO INPUT POWER TQ UNIT. Momentarily, with AC
switch ON, press the START switch. The amber
BLOWN FUSE INDICATOR should light. 1f it
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Table 4-2. Troubleshooting {Sheet 2 of 5)

Trouble

Probable Cause and Remedy

doesn't, check for proper voltage at the AC
outlet or circuit breaker. Correct as needed.

FAULTY CONNECTION TO BATTERY OR DEFECTIVE BAT-
TERY. Check for bad connection to battery. If
the twin cable is in use, make sure that the
yellow covers with center openings often in-
stalled on Elcon-type terminals are removed, as
physical but not electrical contact can be made.

Check that battery cable connector is fully
mated with the unit cabinet connector. Check
for breaks or damage to the cable. Make sure
the battery has proper internal connections
and connections to its external terminals.

CHARGER/ANALYZER FUSES BLOWN. Open the circult
ahead of the unit by unplugging power cord or

opening circuit breaker. Remove cabinet cover
and the Internal fuses. Check the two fuses,

F1 and F2 for open condition using a test 1ight
or ohmmeter. |If F1 is blown, the cause may be
a shorted diode or silicon controlled rectifier
(SCR). If F2 is blown the cause may be reversed
polarity connections to the battery.

BLOWN FUSE INDICATOR
lights or blinks

INDICATOR REMAINS LIGHTED OR BLINKS DURING
CHARGING. Fuse Fh Ts blown. Check that battery
cable is connected to battery and makes good
contact at both ends. Check that CELLS [N
SERIES and BATTERY RATING switcheés are correct-
ly set. AC switch must not be set to ON before

connections and settings are correct. Replace
fuse F4,

BLOWN FUSE INDICATOR

does not light momentarily

when START switch {s operated (in
ReFLEX only)

INDICATOR LAMP OR FUSEHOLDER ASSEMBLY MAY BE
DEFECTIVE. If a completely-discharged battery
is connected to the RFBOH charge for at least

15 seconds. |If the BLOWN FUSE INDICATOR still
does not light, check indicator Tamp DSk, fuse
Fi, and fuseholder assembly. Replace as needed.
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Table 4-2,  Troubleshooting (Sheet § cf 5)

Trouble

Probable Cause and Remedy

Al power In unijt
shuts off and does
not turn on again.

AC_POWER FAILURE, Restart unit as described
in paragraph 3-3k.

THERMAL PROTECTORS DEFECTIVE. Check the thermal
protectors on the heatsink and in the discharge
resistor box. Replace as required. Check the
DC current and correct as needed.

Charger/Analyzer
relays chatter
during operation

AC INPUT VOLTAGE TOO LOW. Check the AC input
voltage to the unit. |If too low for the TBI
connection, the relays will chatter. Correct
the low voltage condition. Ensure that the
power connection on TB1 is correct as described
in Section 2 and that the power source is ade-
gquate.

CYCLE COMPLETE Indicator

(green) lights after the

first charge cycle: unit does

not go to analyze cycle even with
HOURS DISCHARGE control properly
set.

ANALYZER SWITCH OFF. Check that the ANALYZER

switch has not been inadvertantly set to OFF
position. Correct the switch setting.

CHG MODE SWITCH SET TO CONST CURRENT POS|ITION.
Check that CHG MODE switch has not been in-
advertantly set to CONST CURRENT position.
Correct the switch setting.

STEP 16 OF OPERATING PROCEDURE WAS SKIPPED.

Operate the CYCLE RESET switch to start the
automatic charge-discharge-recharge cycle,

Control functions incorrect

CIRCUIT CARDS MALFUNCTIONED. First check that

all circuit cards are properly seated and have
not lost contact due to vibration. Check that
harness connectors are securely mated. Also
check that other plug-in components (relays,
fuses, etc.) are properly seated. I|f un-
explainable performance continues, consider
using a contact cleaner such as ""SpraKleen
#8666"" (GC Electronics) or equal.

Unit does not cycle to
recharge mode with good
battery

OISCHARGE SWITCH SET TO DEEP POSITION. Check

that discharge switch has not been inadvertantly
set to DEEP position. Correct the switch setting
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Table 4-2. Troubleshooting (Sheet 4 of 5)

Trouble

Probable Cause and Remedy

Known-good battery does not
pass GO/NO-GO test. BATTERY
REJECT (red) indicator lighted

HOURS DISCHARGE DIAL OR POINTER INCORRECTLY
SET. Verify that the HOURS DISCHARGE dial

or pointer has not been set for too great a
discharge time for the rated discharge current.
Also check that too great a discharge current
has not been used for the GO/NO-GO dial setting.

Known=-good battery
overheats during charge

This condition occurs occasionally even with
good batteries. Try the B setting of the
BATTERY TYPE switch using the ''C" charge rate
for 1.75 hours. Use the vellow-band cable if
required. The time between pulses at the end
of charge should normally be one second with
the A position and greater than one second with
the B position

The battery may have been too hot at start of
charge or recharge. Discharge battery at the
2 hour rate (C/2) instead of the 1 hour rate.
Cool the battery with a blower or other means
during charge and discharge.

Bar Display and

digital meter indicate
properly during charge, but
subsequent discharging
discloses insufficient
ampere-hour capacity

CELLS IN SERIES SWITCH POSITION IS INCORRECT

OR _KNOB HAS SLIPPED. Check switch setting.
Check that knob of the CELLS IN SERIES switch
is not loose or slipped in position, so that
the switch is set to, for example, the 19 cell
position while the knob pointer indicates 20
celts. Check this by loosening the knob set-
screw and removing the knob. Then, using
pliers, rotate the switch to full travel in one
direction. Align the pointer of the knob with

the indicator dot in that direction and tighten
setscrew,

Unit shuts off for several
minutes and then can be
started again

This condition usually occurs when the
protective thermal! devices have sensed over-
heating and have opened to protect the unit.
Incorrect air flow to or through the unit is
the most frequent cause. Typical conditions
causing this problem are:

a. The cabinet cover has been partially opened
or removed in an attempt to improve cooling.
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Table 4-2.

Troubleshooting (Sheet 5 of 5}

Trouble

Probable Cause and Remedy

This makes cooling worse as the unit re-
quires the cabinet to be closed for proper
air flow through the transformers and heat
sinks. Close the cabinet cover.

b. A sheet of paper or plastic has been placed
under the unit and is sucked up against the
air inlet on the underside of the unit to
block proper air flow. Remove the paper.

€. A nearby source of heat, either beside or
under the unit, is being directed into the
air inlets. Typical heat sources are other
battery chargers, heaters, coffee pots,
and heated air blown from a battery.

d. Insufficient space has been provided for
the unit during fnstallation resulting in
poor air flow to the unit or deflection of
heated air from the unit back into the air
inlets. Refer to the installation criteria
of Section 2 to assure proper air flow.

e. Ambient temperature is too high. ReFLEX
charge at the C rate for 1.75 hours in-
stead of the usual 2C rate for 1 hour,

Cannot adjust discharge
current to more than 30 amps

Check relays under discharge resistor box (see
page 5-5). Contacts on one may stay open.

Loud hum in transformer
during charge

Check relays under discharge resistor box

(see page 5-5). Contacts on one may be welded
closed.

BATTERY REJECT indicator (red)
lights and unit stops. If
operator then turns unit OFF
and later ON and presses

START switch, the CYCLE
COMPLETE indicator (green)

lights after recharge completion.

When the operator turned the unit off, he
simulated that which is described in 3-34 (b).
[f he does not operate the CYCLE RESET switch
upon turning the unit on again, (or mom-
entarily disconnect the battery), the pre-
programmed internal circuitry will produce

a2 green light that means only that charging
time expired. Press CYCLE RESET whenever turn-
ing unit on unless you want to continue an in-
complete cycle.
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Table 4-3. Fault Isolation (Sheet 1 of 5)

WARN ING

HIGH VOLTAGES INSIDE OF CABINET.
BATTERY MUST BE CONNECTED, CHARGER
SET AND TURNED ON FOR FOLLOWING
VOLTAGE TESTS OR CHECKS.

Measurement Acceptable
Step Test Point Indication Remarks

1 TB1-L1 115 or 230 (208)Vv AC No Voltage - Check power circuid
to +10% {depending on to charger for blown fuses,
TB1-12 input vol tage) tripped circuit breakers, open
switches, etc.

2 TB1-15 115 or 230 (208)V AC No Voltage - Check for blown

to +10% (depending on fuse F1. If replacement fuse
TBi-18 input voltage) blows, check for grounded AC
(for 115, 208, power, shorted power semicon-
or 230V AC ductors, or shorted transformer.
input) If F1 is not blown, proceed to
‘the following

Links: wverify links correct fon
input voltage.

Switch 5§15 - Check that $15
closes.,

Relay K10. Press START switch
and verify that relay K10 oper-
ates. |If R10 does not operate,
check for open K10 coil, or
defective components Sk, S8,
S14A, or R17. Switches S4 and
S8 open If compohents are over-
loaded or improperly cooled.
Check switch settings, battery
cell number and ampere-hour
settings. Check unit venti-
lation for spacing and no feed-
back of hot air. Check that
fan is operating and up to speed

3 TBI-17 118V AC +10% No Voltage - Transformer T1
to (230V AC links primary circuit open. See
TB1-18 connected) step #2.
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Table 4-3. Fault Isolation (Sheet 2 of 5)
Measurement Acceptable
Step Test Point Indication Remarks
4 TB1-1 122V AC + 10% No Voltage. Open primary
to winding or broken lead between
TB1-2 TB1~1 and TBi-2.
5 TB1-4, 7, 8 31.7V AC * 10% No Voltage - Open winding or
to leads to terminals.
TB1-5 or TB1-3
6 TB1-3 63.4v AC £ 10% No Voltage - If reading of Step
to 5 is correct and voltage is zero
TB1-5§ one winding is reversed.
7 TB6-1 118V AC £ 10% No Voltage - If Step 3 results
to are correct, check for open
TB6-2 wiring.
8 TB6-3 115V AC £ 10% No Voltage - Transformer T2 pri-
to mary or secondary winding open.
TB6-4, 5, 6, 7
3 M3-L1 115¥ AC % 10% No Voltage - Check for correct
to charging cable and battery
TB6-4, 5, 6, 7 rating switch settings.
Check twin cable for continuity
between pins E and F on male
plug.
Check yellow-band cable for con-
tinuity between pins D and F on
male plug.
Check S13C for problem (open
condition).
Check S3B, CYCLE RESET, for open
condition,
10 TBE~3 ISV AC & 10% No Voltage - Defective printed
to circuit card A3. Replace A3 card
M3-L2 (CHG MODE and recheck. If this dces not
switch at ReFLEX correct problem, proceed to the
B and ANALYZER following.
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Table 4-3.

Fault |solation (Sheet 3 of 5)

Step

Measurement
Test Point

Acceptable
Indication

Remarks

switch to ON)

Set ANALYZER switch (S5) to OFF
and remove circuit card A3, |If
voltage is not correct, check
for open wires, defective switch
55, or defective circuit card
Ak, If voltage correct, proceed
to following.

Set CHG MODE SWITCH (S9) to
CONSTANT CURRENT with circuit
card A3 removed, If no voltage
is present, check for open
switch §9,

11

TBY1 (-)

to

TB1 {+)
(using twin
cable)

Same voltage as
across the battery
terminals

Reversed Voltage - Check battery
for correct polarity. Check
cable connection to battery at
Elcon-type plug. |If reversed
connection has occurred, check

for blown fuse F2.

No Voltage - Check that both
battery cable connectors are
seated completely.

12

BT (-)

to

TB1 (+)

{using yellow-
band cable)

Same voltage as
across battery
terminals

Reversed Voltage - Check battery
polarity and cable connection

at battery. If reversed con-
nection has occurred, check for
blown fuse F2.

No Voltage - Check that both
battery cable connectors are
seated completely,

Unit Set to ReFLEX Charging with Analyzer On

Unless Otherwise Noted

13

XA1-T
to
XA1-V

121V AC £ 10%

No Voltage - Check Step 4. .
Check R20; should read 4.7 ohm.
If R20 open or high resistance,
replace Al card and R20. |f R20
ok, check for open circuit in
harness.

4-13
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Table 4-3. Fault Isolation (Sheet 4 of 5)
Measurement Acceptable
Step Test Point Indication Remarks
14 XAI-E 63.4V AC £ 10% No VOTtage - See Step 6. |If

to Step 6 ok, check for open cir-

XA1-F cuit in harness.

15 XA1-H 63V AC * 10% No Voltage - See Step 14. Check

to {R9 FULL CCW) R11 and R12 read 75 ohms % 20%.

XAT-L biv AC + 10% Also check for open circuit in

(R9 FULL CW) harness.
16 XA1-J 0.15¢ DC * 10% No Voltage variation with RS,
or (R9 FULL CCW) replace "A1" card.

XA1-M .

approaches 2.75V DC Voltage checks ok, but no
to (R9 FULL CW) . 1
XAT1=N output: check power SCR's.
17 XAT-P (+) 27v DC % 10% No Voltage - See Step 5. If

to Step 5 ok, replace Al card.

XAt-D (-)

18 XA1-A (+) 0 to 100 MV DC With no output current - ''0' V

to DC. With 40 A (yellow) or B0 A

XA1-Y (-) (twin cable): 100 MV DC (pro-
portionally less for lower cur-
rents). |f no voltage with cur-
rent output, check for open cir-
cuit back to R10 A and B. |f
there is no control with R9, re-
place Al card (if K1 is ok).

19 XA1-Z (+) 100 MV DC * 10% Reads high or low: check R9. If
to (factory set) open, replace. [f R9 ok,replacé

XAT-Y (=) "A1" card.

20 XAT-C (=) 2 + 10% vDC Charger set for constant current
to 27V DC £ 10% vDC and M3 zero.

XA1-P (+) As above but M3 not on zero. |If
no voltage reading, replace Al
card.

If VDC does not change with M3,
check that K6 and M3 operate

TD-A6
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Table 4-3. Fault lIsolation (Sheet 5 of 5)

Measurement Acceptable

Step Test Point Indication Remarks
21 XA3-M (=) 27V DC £ 10% See Step 17.

to No Voltage - Check S3A - if open

XA3-A (+)
replace. Check W301, W302, W69,
W601 for open circuit. If open,
repair,

22 XA3-A ZERC VAC in If not, replace A3 card.
to ReFLEX Charging
XA3-H 115V AC t 10% If not, replace A3 card.
In Analyze (testing)
23 XA3-5 115V AC £ 10% 1) Momentarily when M3 transfers
to Only as indicated from charge to discharge.

XA3-A (+) under remarks 2) At end of charge cycle.

24 XA3-P (-) 8.5V = 20% With charged battery if voltage
to incorrect, check cell selector

XA3-A (+) switch setting. Otherwise re-
place A3 card.

25 XA3-U (=) 80 MV DC t 20% If voltage not as specified,

to check R6. |if open, replace.

XA3-A (+) Otherwise replace A3 card.

26 XA3-K 7.8V DC % 10% VDC - read just before testcycle
to is terminated. {f VDC not as

XA3-A indicated, replace A3 card.

27 XA3-V (-) 27V DC to 3V OC During ReFLEXing voltage will

to (approximately) vary between these values.

XA3-A 8V DC (approximately) After charge completed, and M3
has not reset (white pointer at
zero.)

28 XA3-D (+) 7.8v DC Read just before end of test
to cycle. If reading zero, check

XA3-K (=) Ki. If K1 ok, replace A3 card.

A3 XA3-D {(+) 3.6V DC After test cycle completed and
to (approximately) charge #2 started, 1f reading

XA3-K (-) about -6V DC, replace A3 card
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Section §

SECTION 5

REPLACEMENT PARTS

GENERAL.

This section provides a listing of replaceable parts which are signifi-
cant to proper maintenance of the charger/analyzer. Figures 5-1 and

5-2 provide illustration of parts location keyed by index number to the
accompanying parts lists. The parts lists show the figure index number,

part number, circuit designations as applicable, a brief description,
and quantity used.
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SEE SHEET 4 FOR
4 REAR VIEW

MOURS GhA)
B Fpaen poem

SEE SHEETS28& 3
FOR INTERIOR
VIEWS

TD-Ab

Figure 5-1.

Replaceable Parts-Main Assembly (Sheet 1 of 4)
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THESE DRAWINGS AND SPECIFIGATIONS SHALL NOT BE REPRODUGCED
OR COPIED, OR USED AS THE BASIS FOR THE MANUFACTURE, PROCURE-
MENT, OR SALE OF APPARATUS WITHOUT PERMISSION FROM THE
MANUFACTURER.

11-CR1, CR2 13-, Q2

10 (TYP) 12.58 (TYP)

42-A3

41-A1

(=]

TB3 [—15
116
14-R18 =] K9 17
//
Enei
19-C12, C13
(TYP)

37-C2 36-L1 33-R10

32-R20

35-Ad

26-T1

27-F2

28-F1

29-R17

31-CR3

Figure 5-1,

Replaceable Parts-Main Assembly (Sheet 2 of 4)

TD-A6




Section 5§

THESE DRAWINGS AND SPECIFICATIONS SHALL NGT BE REPRODUCED OR COPIED,
OR USED AS THE BASIS FOR THE MANUFACTURE, PROCUREMENT, GR SALE OF
APPARATUS WITHOUT PERMISSION FROM THE MANUFACTURER.

46-K8/R68

44-T2

43-R11

43-R12

36-11 45K11  26-T1
(REF) (REF)

Figure 5-1. Replaceable Parts-Main Assembly (Sheet 3 of 4)
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THESE DRAWINGS AND SPECIFICATIONS SHALL NOT BE REPRODUGED OR CCPIED,
OR USED AS THE BASIS FOR THE MANUFAGTURE, PROCUREMENT, OR SALE OF
APPARATUS WITHOUT PERMISSION FROM THE MANUFACTURER.

47-R7B 48-R7A 49-B1 48-R7C  47-R7D 50-R19 51-C8

52-CR8

57 B54K3 56 54-K22 54-K2 55-54 54-K32 53

Figure 5-1. Replaceable Parts-Main Assembly (Sheet & of k)
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3-F4 7-M4
2.815 4-DS4 5\ 655 8 956 6511 10-Mt
9-516 15.5-817
22
11-J2
12-J1
y 14 14
1-812 16-R9 8559 1-83 19.0S1 18  17-DS2  16R6 1582 15-513
b
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Figure 5~2. Replaceable Parts-Front Panel Assembly
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DigiFLEX’

W is a new concept in aircraft nickel-cadmium battery
servicing. Together with REFLEX charging, it provides
DURING CHARGE the type of information heretofore only
available during a subsequent discharge (which also
requires a recharge).

B comes standard as part of the RFBOH reFLEX charger/
analyzer,

H has a green bar display which, during the last few
minutes of CHARGE, gives an indication of relative bat-
tery state-of-charge and battery state-of-health.

B has a digital dispiay which, during the last few minutes of
CHARGE, gives readings of relative cell ampere-hour
capacities (as the cells are manually scanned).

B provides a digital readout for average battery voltage and
constant current amps during REFLEX or constant current
charge, as well as battery voitage, cell voltages and cur-
rent during discharge.

M shows by means of the red and green bar dispiays
whether the chargerfanalyzer is in REFLEX charge, con-
stant current charge or discharge.

The RFB0H includes the novel DigiFLEX circuit which brings
a major advance to ni-cad battery analyzing — just as
REFLEX brought a major advance to ni-cad battery
charging.

In other words, DigiFLEX provides relative ampere-hour dis-
charge capacity readings for each cell and the battery
DURING CHARGE. This is accomplished through unigue
data analysis during the negative pulses (which are interject-
ed betwsen the positive charging pulses).

On the other hand, a conventional digital voltmeter reads
only voltage during charge. Unfortunately, thers is no
correlation between battery charging voltage and discharge
capacity.

HOW DigiFLEX IS USED

Battery
State-Of-Charge
and Capacity

Assume that it had previously bheen determined (or the unit
set such) that with a particular battery® all 10 greenbars
light up when that battery is at normal charging temperature,
is fully REFLEX charged, and has just 100% rated capacity.
If now, after 30 minutes of REFLEX charge, only 5 bars light
up, the battery apparently is not yet charged. If after 40
minutes all bars light up, the battery is most likely fully
charged and apparently still has its full capacity.

On the other hand, if after 60 minutes of charge — and, to
make sure, after an additional 10 minutes of charge — only
6,78, or 9 green bars light up, that battery is most likely no
ionger capable of 100% rated capacity, at [east without fur-
ther maintenance such as deep discharge equalizing.

Regardless of whether a battery can still reach 100% rated
capacity, the operator can usually tell when the battery will
no longer accept additional charge by observing when the
number of green bars starts to decrease.

Relative
Cell
Capacity

When the individual cells are quickly scanned with the
probes during the last few minutes of REFLEX charging, or
are scanned whenever the maximum number of green bars
appropriate for that battery light up, any cell that reads 1.60@
has approximately the same ampere-hour capacity as the bat-
tery. Any cell that reads higher has a higher capacity; any cell
that reads lower has a lower capacity. If any cell reads appreci-
ably lower, the battery should be rejected, pending further main-
tenance such as deep discharge equalizing.

Botter bartery quahty
‘CHARGE as & double’ che
: akes 2V2 to' 3 hours.:

@ Ni-cad battery characteristics differ by brand, type, service history, etc.

SINCE 1829

CHRISTIE

ELECTRIC CORP.

18120 South Broadway, Gardena, Callfornia 90248 U.S.A.
(213} 715-1402, TWX 910-349-6260, FAX (213} 618-8368

@157 if the chargerfanalyzer is set fo battery type

rather than “A",

OTHER CHRISTIE AIRCRAFT PRODUCTS
@ Rectodyne DC Power Carts for Starting & Service
B High Current D-C Power Supplies for Calibration
and Checkout
@ Chargers and Testers for lead acid batteries
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The reFLEX®, Charger/Analyzer With DigiFLEX", Pre-Analyzer

A Revolution in Aircraft Nickel-Cadmium Battery Maintenance

by Fred Benjamin@3)

Fig. 1

It was not too long ago that it took as much
as 2to 3 daysio check out the flightworthiness
of a nickel-cadmium battery. REFLEX charg-
ing cut this to 2 to 3 hows. Now, a
revolutionary charger/analyzer concept -—
Pre-Analysis — has been added 10 REFLEX
to provide a more foolproof battery analysis
without adding anv additional time.

But even the 2 to 3 hours for charge and
analvsis might be cut to 1/2 to 1 hour with the
RF80H charger/analyzer. Through the addi-
tion of DigiFLEX Pre-Analysis — which is
unique and quite sophisticated, yet easy to
perform — the operator may at times choose
to dispense with the capacity discharge test
altogether.

Ni-Cad Charger/Analyzers

Every so many flight hours, an aircraft ni-
cad is brought to the battery shop to see
whether it is still flightworthy, should be
overhauled or scrapped. Whether the battery
is stili capable of delivering 100%, or some
other acceptable percentage, of rated ampere-
hour capacity, plays a major part in this
investigation,

For this purpose, the battery shop operator
usually employs a charger/analyzer. With a

() Protected by over 50 patznts worldwide.

(2) Patents pending.

(3} Senior Vice President, Christie Electric Corp.

{4} Christie Electric Corp., 20665 Manhattan Place, Torrance, CA
90501

RFB80H Charger/Anaiyzer

typical unit, he first charges the battery, then
runs it through a discharge test cycle and
finally recharges it again. {(With some units,
he needs to also discharge the battery prior 10
the first charge). A charger/analyzer like the
RF80H (Fig. 1) performs these 3 cycles
automatically in succession and provides
GO/NO-GO commands and indicators as
well as ampere-hour readouts.

But all was not well with charger/analvzers
in former days. Typically, the analyzing pro-
cess took many hours or even days. On some
occasions it resulted in the acceptance of
batteries that should have been rejected. On
other occasions it resulted in the rejection of
batteries that should have been accepted.

REFLEX Charging

To overcome some of these abjections,
Christie(4) introduced REFLEX charging(5)
to aircraft battery charger/analvzers. The
same concept which brings 20 minute charg-
ing of flashlight type ni-cads in portable video
cameras, video tape recorders and paramedic
equipment under the name of REFLEX-20(6),
has brought innumerable benefits to the air-
craft battery shop.

(5) The ReFLEX Prinuiple of Charging Nickel Cadmium ang
Orher Botteries by Fred Beniamin, presented at the IEEE Power
Processing & Electronics Specialists Conference May 22, 1972,
ReFLEX Churging for Nickei-Cadtium Butieries or Put Some ia,
Tuke Some Qup, and Ead wp With a Beder Charge, Avialion

REFLEX has cut the aircraft battery charg-
ing time to 1 hour or less, a fraction of other
methods. It has resulted in greater battery
capacity, longer barttery life, and has
frequently rejuvenated batteries which had
been rejected after conventional charging,

Besides cutring charging time, REFLEX has
substantiafly overcome the cell imbalance
problem assaciated with constant potential
charging, which results in reduced barttery
capacity. It has also significantly reduced the
so-called ni-cad *‘memory’’ effect associated,
in various degrees, with constant potential,
constant current and pulse charging. This
“‘memory’’ effect results not onlv in reduc-
tion of battery capacity, but also in reduced
reliability because the fading of capacity can
come without warning.

When charging ni-cads, the most impor-
tant part is the last 15% of the battery's
maximum capacity. During that part, low
currents and heat are the ni-cad battery’s
enemy. Low currents are a major cause of
memory and sometimes also cell imbalance;
on the other hand, high currents without
REFLEX cause heating, resulting in reduced
charge acceptance. REFLEX can overcome
this apparent Catch-22 by providing, during
this last 15% of charge, what ni-cads really
like — high currents, with only a small battery
temperature rise. The typically 95% net
charging efficiency of REFLEX, compared to
the typical 70% for other methods, makes
that possible.

The Secret is in the Burp

The secret to this high charging efficiency
of REFLEX, and in turn all the other benefits,
is in the negative pulses during charge, which
¢an be compared to the burping of a baby. A
battery, just like 2 baby, accumulates more
and more inlernal gases when it is being
“fed” or charged. These gases ordinarily
cause increasingly higher current densities on
the battery cel! plates during charge, which
result in heating. By “*burping”’ the battery
with negative pulses, which vary in
accordance with its state-of-charge (Fig. 2},
high currents cause little heat even at full
charge.

DigiFLEX Pre-Analysis

DigiFLEX means to ni-cad battery analyz-
ing what REFLEX means (o ni-cad bartery
charging. They both improve battery quality
and battery shop productivity.

REFLEX provides increased battery quality
in the form of higher capacity, greater

Mechanics fournal, October 1975,

(6) System for 20-Mir Rechurging of Seated Nicket-Cudmm Bur-
teries by Fred Benjamin, from the Journal of the Socicty of
Motion Picture and Teievision Engineers, April 1977,

AVIATION MECHANICS JOURNAL December 1380 [anue
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Fig. 2A — Positive and negative pulses near start of charge 2B — Positive and negative pulses near end of charge

reliability, longer life. It also provides
increased battery shop productivity, since it
requires less charging time per battery.
DigiFLEX, on the other hand, provides in-
creased battery quality by providing addi-
tional test data which heretofore were not
available, Conversely, it increases
productivity whenever battery and cell Pre-
Analysis — which does not involve a time-
consuming discharge and recharge — is con-
sidered satisfactory by itself.

What makes these improvements in analyz-
ing possible are 3 key pieces of DigiFLEX in-
formation which are available during the last
10 minutes of REFLEX charge, prior to or
without conventional discharge altogether:

Battery state-of-charge
Battery state-of-health
Relative cell capacities

In other words, DigiFLEX provides not
only a visual display of barttery state-of-
charge, but might also pinpeint low capacity
cells and/or questionable batteries — all
during the 1/2 to 1 hour REFLEX charge. At
times, the operator may therefore choose to
dispense with the capacity discharge test
altogether.

Battery Capacity/State-of-Charge

Fig. 3 shows the voltage of three 20-cell, 40
ampere-hour ni-cad batteries during a typical
l-hour REFLEX charge and during the
subsequent battery capacity discharge at the
1-hour (40 ampere) rate.

If we assume, as battery manufacturers
usually do, that full discharge corresponds to
an average of 1 volt per cell, then 20 volts is
the discharge reference level for a 20-cell
battery. This reference level is indicated by the
dashed horizontal line in Fig, 3. Since battery
“'A'" reaches this reference level in less than 1
hour, it has less than rated 40 ampere-hour
capacity. Battery *“B"’ is apparently able to
deliver exactly 40 ampere-hours and battery
“C’" more than rated capacity. Since
discharge current is constant, (40 amps in this
case), a timer (Fig. 4) gives readings
corresponding to ampere-hours or percent of
rated capacity {e.g., 1.l corresponds to 44
ampere-hours or 110% rated capacity).

Just as Fig, 3 shows the battery voltage
rising during charge and then falling during
discharge, so Fig. 5 shows battery voltage

AYIATION MECHANICS JOURNAL December 1980 [asue
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Fig. 3 Battery capacity by conventional charge-discharge

Fig. 4 Battery capacities are read with a timer.

rising during the REFLEX charge (positive)
pulse and then falling during the discharge
(negative) pulse.

Just as the voltage for a battery with higher
capacity took longer to fall to the reference
level in Fig. 3, so the voltages ir Fig. 5 take
successively longer to fall to their fixed

reference level. Therefore, the battery in Fig.
3C has more capacity than Fig. 5B, which has
more capacity than Fig. 5A. Since in this case
“5A," “B" and ““C” are one and the same
battery, ““C” must have a higher state-of-
charge than **B,’’ which has a higher state-of-
charge than *““A." In fact, **SA’ occured
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Fig. 8 Cell capacities by conventional charge-discharge
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Fig. 9 Celi capacities with DigiFLEX unger charge

Fig. 10 The DF-1 DigiFLEX module

AVIATION MECHANICS JOURNAL December 1980 lanue

as the voliage of cell #1 at the end of discharge
is still above the fixed reference level and
therefore berter than average in Fig. 8, so it is
at the end of the discharge pulse in Fig. 9.

" Similarly, cell #2 is the reject zone in both

cases,

Just as the voltage of cell #1 and #2
during the conventional battery
discharge, as shown in Fig, 8, is read
with a voltmeter near the end of
discharge, so are these cell voliages
read at the end of the discharge pulse in
Fig. 9. Only in this case the DigiFLEX cir-
cuitry must sample, read and hold each
cell voltage reading alwavs at the same
point, near the end of the discharge
pulse. As in the case of the battery
capacity test, this cell capacity informa-
tion is repeated at leasi everv second
during the last 10 minutes of REFLEX
charge.

Remember, the cell reference voltage
levels do not change. They are 1 volt dur-
ing the conventiona! discharge test and
1.6 volts during REFLEX charging with
DigiFLEX. Any cell with voltage
significantly below 1 volt and 1.6 vols,
respectively, has a relatively low
capacity and may have to be rejected.

Conclusion

DigiFLEX Pre-Analvsis — being able
to analyze a battery charge. prior to and
sometimes even in lieu of 2 capacity
discharge test — is now a reality.
Heretofore, the only ai-cad battery
capacity test available during charge
has been the celi voltage balance rest.
As pointed out, even that test is of
limited value,

DigiFLEX Pre-Analysis is not a super-
ficial, but & very sophisticated analysis,
Yet it is easy to perform and simple 10 in-
terpret. It provides information about not
one but rthe same w0 battery
characteristics normally investigated
during the capacity discharge test —
i.e., battery state-of-health and relative
cell capacities. DigiFLEX also offers a
novel battery state-of-charge readout.

At first sight this new RF80H rReFLEX
charger/analvzer looks like the previous
RFB0GT ReFLEX charger/analyzer, plus
a digital meter and a few extra lighis. Far
from it. A digital meter and LED displays
without the newly invented DigiFLEX
concept and circuitry gives none of this
valuable information. For this reason, a
DF-1 DigiFLEX module (Fig. 10 is now
available. By simply connecting this
module to any RFBOGT, present owners
can enjoy all the same Pre-Analysis
benefits of the new RF8CH charger/analyzer.




_ REFERENCE
LEVEL

b= TIME

FIG. 5A

VOLTS

| LEVEL
|

[
I
“*{L"————-—J1—a-ﬂME

FIG. §C

&
& -
M
qapd L > — REFERENCE 4,

_ REFERENCE
LEVEL

= TIME

_ _ REFERENCE
! LEVEL

= TIME

FIG. 5D

Fig. 5A, B, C, and D Battery capacity with DigiFLEX under charge
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Fig. 6 Bar display

after 50 minutes, **5B”’ after 55 minutes and
“5C*" after 60 minutes of charge.

Just as the Fig. 3 battery capacities are read

with a timer (Fig. 4), so the Fig. 5 capacities

" are read with a timer. Only in this case the
timer is a special green LED bar display which
goes from one 10 ten bars (Fig. 6). But while
the charge-discharge of Fig. 3, plus recharge,
takes 3 hours, the charge-discharge of Fig. 5,
plus recharge, is repeated at least every second
during the fast 10 minutes of charge.

With most good low impedance aircraft ni-
cads, all 10 green bars will light every second
just prior to the conclusion of 60 minutes
REFLEX charge, as in Fig. 5C. If, on the
other hand, only 6 bars (as in Fig. 5D} light
after 1 hour of REFLEX charge, such a bat-
tery may not be fully charged. It might be a
battery which actually is capable of 130%

rated capacity and may therefore require ad-
ditional charge. However, if additional bars
do not light after a few minutes extra charge
— and it is a relatively cool low impedance
battery — then it is a battery which probably
will fail the conventional capacity discharge
test.

Relative Cell Capacities

As shown in Fig. 3, special DigiFLEX
circuitry and the green bar display pro-
vide an indication of battery state-of-
charge and battery state-of-health dur-
ing charge. Now let us see how DigiFLEX
circuitry together with the digital
voltmeter can provide relative cell
capacities, alf during charge. But first a
word about conventional cell voliage
tests during charge.

Conventional cell wvoltage tests under
charge — except to check on cell
separator fatigue and electrolyte levels
— are of limited value. Voltages of cells
under charge, or when idle, can seem
normal; but if you want to actually run
something with them, the cells might
poop out. Have you ever had a bartery-
operated calculator or transistor radio
which worked for a few seconds after
turn-on (i.e., cell voltages were normal),
and then died? Do seemingly fully charg-
ed cells with higher voltages under
charge really have higher capacities and
vice versa?

The automobile industry found out 30
years ago that therc is onlv one mean-
ingful way to check the health of battery
cells, and that is under {oad. Fig. 7 shows
such a tester then being used. DigiFLEX
offers something better — a cell volrage
test under load and under charge at the
same time. But that is only half of it. The
cell voltages displayed on the RFS0OH
digital voltmeter, thanks to special
DigiFLEX circuitry, truly are an indica-
tion of relative cell capacities (unless
they indicate incorrect electrolyte levels,
or insufficient cell forming in new bat-
teries).

Fig. 7 Automotive celi tester

Fig. 8 shows the voltage of 2 cells in a
20-cell, 40 ampere-hour ni-cad battery
during a typical 1 hour REFLEX charge
and during the subsequent battery
capacity discharge at the I hour (40
ampere) rate. As before, full discharge
has occurred when the battery reaches
the 20 volt fixed reference level. This cor-
responds to an average cell voltage of |
volt, as shown by the horizontal dashed
line in Fig. 8. Since celi #1 is still zbove
the 1 volt reference level at the end of
battery discharge, it has a higher than
average cell capacity. But the voltage of
cell # has fallen significantly below the
reference level. Cell #2 therefore is
suspect, and may have to be rejected.

Fig. & shows the DigiFLEX voltages of
the same 2 cells, but during the charge
cycle. Just as Fig. 8 shows the cell
voltages rising during charge and then
falling during discharge, so Fig. 9 shows
the cell voltages rising during the
REFLEX charge (positive) pulse, and then
falling during discharge (negative) pulse. Just

AVIATION MECHANICS JOURNAL December 1980 lssue




